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NOTICE 


This  report  has  been  prepared  by  the  Air  Force  for  the  purpose  of  aiding 
study  and  research.  It  is  not  to  be  used  for  promotional  or  advertising 
purposes  and  does  not  constitute  an  endorsement  of  any  product.  The 
views  expressed  herein  are  those  of  the  author/reviewer  and  do  not 
necessarily  reflect  the  official  views  of  the  publishing  agency,  the  United 
States  Air  Force  or  the  Department  of  Defense. 


ABSTRACT 


This  report  presents  the  results  of  particulate  emission  testing 
done  on  a  single  oil  fired  steam  boiler  at  Bolling  AFB,  Washington  DC. 
Testing  was  done  at  three  different  heat  input  loadings  as  requested 
by  the  Washington  District  Commission.  Particulate  emissions  varied 
from  0.055  pounds/Million  British  Thermal  Units  (lbs/MBTU)  to  0.080 
lbs/MBTU.  The  unit  was  found  to  be  in  compliance  with  District  of 
Columbia  standards  which  ranged  from  0.072  lbs/MBTU  to  0.086  lbs/MBTU. 
Emission  data  are  compared  with  Environmental  Protection  Agency  (EPA) 
published  emission  factors  for  similar  units. 
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SECTION  I 


INTRODUCTION 

1.  Background:  The  Central  Heating  Plant,  Building  18  at  Bolling 
AFB ,  presently  contains  two  steam  boilers.  In  June  1974,  both  of  these 
boilers  were  emission  tested  by  Particle  Data  Laboratories,  Ltd. ,  of 
Elmhurst,  Illinois  (Appendix  D)  and  found  to  be  in  violation  of  Washington 
DC  particulate  emission  standards.  During  these  tests  the  boilers  were 
utilizing  #6  fuel  oil.  In  March  1975,  the  Bolling  Civil  Engineer  approved 

a  modified  plan  which  would  replace  the  existing  steam  boilers  with  hot 
water  generators  and  steam  converters.  As  of  May  1975,  two  hot  water 
generators  were  installed ,  the  third  should  be  installed  by  November 
1976.  During  the  interim,  one  of  the  old  boilers  will  be  needed  to  provide 
sufficient  steam.  District  of  Columbia  representatives  suggested  that 
base  personnel  convert  this  steam  boiler  to  #4  fuel  oil  in  lieu  of  #6  and 
retest  it  to  determine  if  this  change  would  produce  emissions  which 
would  meet  present  District  environmental  standards.  In  May  1975, 
at  the  request  of  the  DCS/Civil  Engineering,  Headquarters  Command 
USAF ,  Bolling  AFB,  the  boiler  was  retested  by  USAF  Environmental 
Health  Laboratory  ,  McClellan  AFB  (USAFEHL-M)  personnel. 

2 .  Purpose:  The  primary  purpose  of  this  study  was  to  test  compliance 
of  this  unit  with  Washington  DC  particulate  emission  standards. 

3.  Personnel: 

a.  USAFEHL-M  Survey  Personnel: 

(1)  Maj  Ronald  D.  Burnett,  Chief,  Occupational  Safety  6  Health 
Engineering  Division . 

(2)  Capt  Marlin  L .  Sweigart,  Project  Engineer ,  Autovon  633-3070. 

(3)  Sgt  William  Conway,  Environmental  Health  Technician. 

(4)  Airman  Steven  Brennan,  Environmental  Health  Technician. 

b .  Bolling  AFB  Personnel  Contacted: 

(1)  Col  Thayer  W.  Allison,  Base  Civil  Engineer. 

(2)  .  Mr  Jeff  Peck,  Project  Officer,  Base  Civil  Engineer,  Autovon 
297-4456. 


(3)  MSgt  Russel  Lichnovsky ,  Central  Base  Heating  Plant 

Manager . 


SECTION  II 

UNIT  DESCRIPTION  AND  OPERATION 

The  unit  tested  is  the  #5  steam  boiler  in  the  Central  Base  Heating 
Plant.  The  boiler  was  manufactured  by  Titusville  in  1941.  Rated  output 
capacity  is  35,810  pounds  of  steam  per  hour,  and  rated  heat  input 
capacity  was  calculated  at  44  MBTU/hr.  It  has  a  rotary  cup  fuel  injec¬ 
tion  system  and  utilizes  an  induced  draft  fan .  The  fan  is  a  constant 
speed  40  HP  unit  running  at  1175  RPM.  The  unit  contains  no  particulate 
collection  devices.  Figure  1  shows  the  general  dimensions  of  the  stack. 


SECTION  in 

SAMPLING  METHOD  AND  PROCEDURES 


3. .  General: 

a.  Except  for  deviations  specified  below,  EPA  methods  and  procedures 
given  in  the  Appendix  to  Title  40,  Code  of  Federal  Regulations,  Part  60 

(40  CFR  60)  for  performance  testing  of  new  stationary  sources  were  used 
to  test  the  boiler  (Appendix  A) . 

b .  The  EPA  sampling  methods  are  not  listed  as  approved  methods 
of  stationary  particulate  sampling  in  District  of  Columbia  regulations. 
However,  the  District  Commission  requested  the  use  of  EPA  methods  and 
procedures  in  this  test. 

2 .  Deviations: 

a.  Because  oi  the  large  stack  diameter  and  nearness  of  an  upstream 
disturbance,  40  CFR  60  specified  a  36  point  traverse.  Two  preliminary 
traverses  were  run;  one  with  36  points  and  one  with  12  points.  A  com¬ 
parison  of  these  profiles  indicated  that  an  unbiased  sample  could  be 
collected  by  sampling  only  12  points.  Therefore,  12  points  were  sampled 
at  10  minutes  per  point  in  each  of  the  six  runs. 

b.  A  preliminary  moisture  determination  was  not  done .  Instead, 
a  dry  gas  fraction  of  0.95  was  assumed  to  establish  isokinetic  sampling 
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FIGURE  I 


BOILER  STACK  #5  AT  BOLLING  AFB  DC 


conditions  on  the  first  run .  The  actual  moisture  content  ot  the  stack  gas 
was  determined  from  water  collected  during  this  run  and  this  value  was 
used  in  the  next  run  to  establish  isokinetic  conditions.  This  procedure 
was  followed  at  each  of  the  three  input  loadings ,  Moisture  contents  com¬ 
puted  for  the  runs  were  used  in  all  final  calculations  including  verifica¬ 
tion  of  isokinetic  sampling. 

c.  As  requested  by  the  District  Commission,  two  sampling  runs 
were  made  at  each  of  three  different  boiler  loads  (Ref.  3)  .  These 
loads  were  classified  as  low,  nominal  and  high  input  (maximum  operating) 
capacities.  The  actual  particulate  emissions  were  computed  as  the  average 
of  the  two  runs  at  each  loading . 

3.  Additional  Procedures: 

a.  Carbon  dioxide  (C02)  .  and  oxygen  (02)  gas  readings  were 
taken  with  an  Orsat  Analyzer .  A  minimum  of  four  readings  were  taken 
during  each  run .  The  average  of  these  readings  was  used  in  all  calcula- 
t’uns.  An  initial  carbon  monoxide  (CO)  reading  indicated  an  insigni¬ 
ficant  amount  of  CO  in  the  stack  gas. 

b.  Burner  fuel  flow  readings  were  recorded  every  15  minutes  and 
the  average  flow  was  used  in  calculating  the  total  fuel  used  during  each 
test. 


c.  Data  were  reduced  in  accordance  with  procedures  found  in 
40  CFR  60.  Only  reduced  data  are  presented  in  the  main  report.  Raw 
data  for  the  six  particulate  runs  are  presented  in  Appendix  C .  All 
calculations  were  done  on  a  Hewlett-Packard  9810A  Programmable 
Calculator  . 


SECTION  IV 

APPLICABLE  EMISSION  STANDARDS 

District  of  Columbia  particulate  emission  standards  are  found  in 
District  regulations,  Section  8-2:  708,  Fuel  Burning  Particulate  Emission 
(Appendix  B)  .  Allowable  emissions  for  installations  with  a  total  heat 
input  between  3.5  and  10,000  MBTU/hr  are  determined  by  the  equation 
E  =  0.17455  h-0 .23522  where  g  equals  particulate  emissions  in  lbs/MBTU 
and  H  equals  the  total  heat  input  in  MBTU/hr.  For  a  20  MBTU/hr  boiler 
the  allowable  particulate  emissions  are  0.086  lbs/MBTU.  The  specific 
allowable  particulate  emissions  at  each  of  the  heat  input  loadings  tested 
are  discussed  in  Section  VI. 


SECTION  V 


RESULTS 

1.  Sampling  Parameters:  The  reduced  data  from  the  six  sampling  runs 
are  presented  in  Table  I.  The  CO2  and  C>2  analyses  were  done  with  an 
Orsat  instrument.  As  the  data  in  Table  I  indicate,  the  stack  tempera¬ 
ture,  flow,  and  moisture  content  all  increased  as  the  boiler  operating 
level  increased .  In  runs  five  and  six  the  boiler  was  operating  at  its 
maximum  capacity.  All  runs  were  done  within  10%  of  isokinetic  condi¬ 
tions  as  specified  by  40  CFR  60.  The  percent  by  volume  of  excess  air 
decreased  considerably  when  the  operating  level  was  increased.  This 
was  expected  since  the  induced  draft  fan  is  a  constant  speed  type . 

2 .  Particulate  Data:  Particulate  emission  data  from  the  six  tests  are 

presented  in  Table  n.  Runs  two  and  four  were  the  low  boiler  loading 
tests ,  runs  one  and  three  were  the  nominal  boiler  loading  runs  and  runs 
five  and  six  were  the  high  boiler  loading  tests.  As  the  data  in  Table  II 
indicate,  the  difference  between  the  low  and  nominal  input  loadings  was 
very  small.  One  low  run,  run  number  four,  was  conducted  while  the 
boiler  was  in  single  burner  operation . 


SECTION  VI 
DISCUSSION 

1 .  Actual  Emissions:  The  averages  of  the  runs  conducted  at  each  of 
the  three  input  capacity  loadings  were  below  the  maximum  allowable 
District  of  Columbia  particulate  emission  standards.  The  emissions 
in  lbs/MBTU  were  lowest  when  the  boiler  was  operating  at  its  highest 
input  capacity.  At  the  lower  loadings,  the  emissions  approached  the 
standard  but  were  still  within  compliance.  The  lower  particulate  emis¬ 
sions  in  pounds/MBTU  at  the  higher  loadings  was  typical  since  boilers 
generally  operate  more  efficiently  near  their  maximum  loading  capacity. 

2.  Emission  Factors:  The  average  particulate  emissions  at  each  of 
the  three  loadings  in  pounds  of  particulate  per  1000  gallons  (lbs/ 10 * 1 2  3 

gal)  of  fuel  burned  were  computed.  The  low  loading  tests  emitted  11.2 
lbs/10  3  gal,  the  nominal  loadings  12.2  lbs/10  3  gal  and  the  high  loadings 
7.91  lbs/10  3  gal  of  fuel.  The  BTU  content  of  the  #4  fuel  oil  blend  burned 
was  143,000  BTU/gallon  as  specified  by  Stuart  Petroleum  of  Washington 
DC,  the  fuel  supplier  (Ref.  5)  .  The  emission  factor  published  by  the 


5 
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Environmental  Protection  Agency  for  a  unit  of  comparable  size  burning 
a  fuel  with  a  similar  BTU/gal  content  is  17  lbs/ 10  3  gal  (Ref.  6)  .  The 
emissions  collected  were  probably  lower  than  the  EPA  factors  because 
the  tested  unit  utilizes  a  rotary  cup  fuel  injection  system.  These  units 
are  very  efficient  especially  at  high  capacity  loadings.  The  EPA  figure 
is  calculated  to  include  all  types  of  industrial  and  commercial  units  and 
is  a  slightly  high  estimate  for  units  with  rotary  cup  combustion  systems. 
The  data  therefore  compare  favorably  with  EPA  emission  factors  and 
also  with  previous  USAFEHL-M  data  from  emission  tests  of  similar  units 
(Ref.  7  5  8). 

3  Particulate  Reduction:  Particulate  emission  testing  conducted  by 
Particle  Data  Laboratories  of  Elmhurst,  Illinois  prior  to  the  change 
from  #6  to  #4  fuel  oil  showed  average  emissions  of  0.175  lbs/MBTU  on 
the  #5  boiler .  These  tests  were  conducted  while  the  boiler  was  oper¬ 
ating  at  very  low  input  heat  loadings  of  from  15.123  MBTU/hr  to  16.940 
BTU/hr .  After  the  boiler  was  cleaned  and  the  fuel  oil  was  changed  from 
#6  to  #4,  emissions  decreased  to  an  average  of  0.078  lbs/MBTU  for 
testing  done  at  input  heat  loadings  of  approximately  21  MBTU/hr.  The 
combination  of  cleaning,  fuel  conversion,  and  a  slightly  higher  test 
loading  produced  a  45%  decrease  in  boiler  particulate  emissions.  EPA 
estimates  that  fuel  conversion  alone  could  reduce  emissions  as  much  as 
35%  (Ref.  4)  . 


SECTION  VII 

CONCLUSIONS  AND  RECOMMENDATIONS 

1.  Conclusions:  The  conversion  from  #6  to  #4  fuel  oil  in  conjunction 
with  the  thorough  cleaning  of  boiler  #5  produced  particulate  emissions 
which  do  not  violate  current  District  of  Columbia  standards. 

2 .  Recommendations: 

a.  Continued  use  of  #4  fuel  oil  in  boiler  #5. 

b .  Continued  cleaning  and  timely  maintenance  practices  on  boiler 
#5. 
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in  terms  of  either  RDv  (metric  units:  mg 
dry  sludge/liter  sludge  charged  or  Eng¬ 
lish  units:  lb/ft5)  or  Rum  (metric  units: 
mg  dry  sludge/mg  sludge  charged  or 
English  units:  lb/lb) . 


(3)  Determine  the  quantity  of  dry 
sludge  per  unit  sludge  charged  in  terms 
of  either  or  RDm. 

(i)  If  the  volume  of  sludge  charged  U 
used: 


Sd*(60X10-3)  (Matric  Units) 

or 

Sd»  (8.021)  -D^  (English  Units) 

where: 


SD«average  dry  sludge  charging  rate  during  tha  run,,  kg'hr  (English  units:  lb/hr). 

Rdv- average  quantity  of  dry  sludge  per  unit  volume  Df  sludge  charged  to  the  incinerator,  mg/1  (English 
units:  ib/ft3). 

S  v“Siudge  charged  to  tha  Incinerator  during  tha  run,  raJ  (English  units,  gal) 

T*  duration  of  run,  min  (English  units:  min). 

00X  10~*“ matric  units  conversion  factor,  l-kg-inin/m’-mg-hr. 

8.021 -English  units  conversion  factor,  ftr-mln/gal-hr. 


(ii)  If  the  mass  of  sludge  charged  is  used : 


Sd«(60)  (Metric  or  English  Units) 

’rhare: 

8D~average  dry  sludge  charging  rate  during  the  run,  kg/hr  (English  unit3:  lb/hr). 

Rdm«  average  ratio  of  quantity  of  dry  sludga  to  quantity  of  sludge  charged  to  the  incinerator,  mg/mg  (English 
units-  ib/lb). 

Ssi-sludge  charged  during  the  run,  kg  (English  units:  ib), 

T-duration  of  run,  min  (Matric  or  English  units). 
fiO-converslon  factor,  min'hr  (Matric  or  English  units). 

(d)  Particulate  emission  rate  shall  be  determined  by: 

C.w-C.Q,  (Metric  or  English  Units) 

where : 

C.w— particulate  matter  mass  amissions,  mg/hr  (English  units:  lb/hr). 

C, “particulate  matter  concentration,  mg/mJ  (Fngllsh  units:  lb/dscf). 

Q.“  volumetric  stack  gtis  How  rate,dscm/hr  (English  units:  dsef/hr).  Q.  and  C,  shall  bo  determined  using  Methods 
2  and  5,  respectively. 

(e)  Compliance  with  S  60.152(a)  shall  be  determined  as  follows: 

Cd<“(HH)^-  (Metric  Units) 

OD 


or 

Cd.“  (2000)|^  (English  Units) 

OD 


where: 

Cd,“ particulate  emission  discharge,  g/kg  dry  sludge  (English  units  ib/ton  dry  sludge). 
10-J»Motric  conversion  factor,  g/mg. 

2CD0- English  conversion  factor,  lb/ton. 

[3d  FR  9319,  Mar.  8,  1974;  39  FR  13776,  Apr.  17,  1974;  39  FR  15396,  May  3,  1974] 


Appendix  A — Reference  Methods 

METHOD  1 - SAMPLE  AND  VELOCITY  TRAVERSES 

TOR  STATION  ART  SOURCES 

1.  Principle  and  Applicability . 

1.1  Principle.  A  sampling  site  and  the 
number  of  traverse  points  are  selected  to  aid 
In  the  extraction  of  a  representative  sample 

12  Applicability.  This  method  should 
be  applied  only  when  specified  by  the  test 
procedures  for  determining  compliance  with 
the  New  Source  Performance  Standards.  Un¬ 
less  otherwise  specified,  this  method  Is  not 
Intended  to  apply  to  gas  streams  other  than 
those  emitted  directly  to  the  atmosphere 
without  further  processing. 

2.  Procedure. 

2.1  Selection  of  a  sampling  site  and  mini¬ 
mum  number  of  traverse  points. 


2.1.1  Select  a  sampling  site  that  Is  at  least 
eight  stack  or  duct  diameters  downstream 
and  two  diameters  upstream  from  any  flow 
disturbance  such  as  a  bend,  expansion,  con¬ 
traction,  or  visible  flame.  For  rectangular 
cross  section,  determine  an  equivalent  diam¬ 
eter  from  the  following  equation: 


equivalent  diamctcr~2 


( 


( length)  (width) 
length  +  width 


) 


equation  1-1 

2.1.2  When  the  abovo  campling  site 
criteria  can  b*  met.  the  minimum  number 
of  traverse  points  is  twelve  (12). 

2.1.3  Some  sampling  situations  render  the 
above  sampling  site  criteria  Impractical 
Wh*n  this  is  the  case,  choose  a  convenient 
sampling  location  and  use  Figure  1-1  to  de- 
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termlne  the  minimum  number  of  traverse 
points.  Under  no  conditions  should  a  sam¬ 
pling  point  be  selected  within  1  Inch  of  the 
stack  wall.  To  obtain  the  number  of  traverse 
points  for  stacks  or  ducts  with  a  diameter 
less  than  2  feet,  multiply  the  number  of 
points  obtained  from  Figure  1-1  by  0.67. 

2.1  4  To  use  Figure  1-1  first  measure  the 
distance  from  the  chosen  sampling  location 
to  the  nearest  upstream  and  downstream  dis¬ 
turbances.  Determine  the  corresponding 
number  of  traverse  points  for  each  distance 


from  Figure  1-1.  Select  the  higher  of  the 
two  numbers  of  traverse  points,  or  a  greater 
value,  such  that  for  circular  stacks  the  num¬ 
ber  Is  a  multiple  of  4,  and  for  rectangular 
stacks  the  number  follows  the  criteria  of 
section  2.2,2. 

2  2  Cross-sectional  layout  and  location  of 
traverse  points. 

2.2.1  For  circular  stacks  locate  the  tra¬ 
verse  polnt3  on  at  least  two  diameters  ac¬ 
cording  to  Figure  1-2  and  Table  1-1.  The 
traverse  axes  shall  divide  the  stack  cross 
section  Into  equal  parts. 


NUMBER  OF  DUCT  DIAMETERS  UPSTREAM 
(DISTANCE  A) 


OS  1.0  is  2  0  2  5 


NUM8ER  OF  DUCT  DIAMETERS  DOWNSTREAM 
(DISTANCE  R) 


Figure  1-1  Minimum  number  of  traverse  points. 
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Figure  1-2.  Cross  section  of  circular  stack  divided  into  12  equal 
areas,  showing  location  of  traverse  points  at  centroid  of  each  area. 


Figure  1-3.  Cross  section  of  rectangular  stack  divided  into  12  equal 
areas,  with  traverse  points  at  centroid  of  each  area. 
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Table  1-1.  Location  of  traverse  points  in  circular  stacks 
(Percent  of  stack  diameter  from  inside  wall  to  traverse  point) 


Traverse 

point 

number 


Number  of  traverse  points  on  a  diameter 


diameter 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

1 

14.6 

6.7 

4.4 

3.3 

2.5 

2.1 

1.8 

1.6 

1.4 

1.3 

1.1 

1 .1 

2 

85.4 

25.0 

14.7 

10.5 

8.2 

6.7 

5.7 

4.9 

4.4 

3.9 

3.5 

3.2 

3 

75.0 

29.5 

19.4 

14.6 

11.8 

9.9 

8.5 

7.5 

6.7 

6.0 

5.5 

4 

93.3 

70.5 

32.3 

22.6 

17.7 

14.6 

12.5 

10.9 

9.7 

8.7 

7.9 

5 

85.3 

67.7 

34.2 

25.0 

20.1 

16.9 

14.6 

12.9 

11.6 

10.5 

6 

95.6 

80.6 

65.8 

35.5 

26.9 

22.0 

18.8 

16.5 

14.6 

13.2 

7 

89.5 

77.4 

64.5 

36.6 

28.3 

23.6 

20.4 

18.0 

16.1 

8 

96.7 

85.4 

75.0 

63.4 

37.5 

29.6 

25.0 

21.8 

19.4 

9 

91.8 

82.3 

73.1 

62.5 

38.2 

30.6 

26.1 

23.0 

10 

97.5 

88.2 

79.9 

71.7 

61 .8 

38.8 

31 .5 

27.2 

11 

93.3 

85.4 

78.0 

70.4 

61.2 

39.3 

32.3 

12 

97.9 

90.1 

83.1 

76.4 

69.4 

60.7 

39.8 

13 

94.3 

87.5 

81.2 

75.0 

68.5 

60.2 

14 

98.2 

91.5 

85.4 

79.6 

73.9 

67.7 

15 

95.1 

89.1 

83.5 

78.2 

72.8 

16 

98.4 

92.5 

87.1 

82.0 

77.0 

17 

95.6 

90.3 

85.4 

80.6 

18 

■  98.6 

93.3 

88.4 

83.9 

19 

96.1 

91.3 

86.8 

20 

98.7 

94.0 

89.5 

21 

96.5 

92.1 

22 

98.9 

94.5 

23 

95.8 

24 

98.9 

2. 2.2  For  rectangular  stacks'  divide  the 
cross  section  Into  ar.  many  equal  rectangular 
areas  as  traverse  points,  such  that  the  ratio 
of  the  length  to  the  width  of  the  elemental 
areas  Is  between  one  and  two.  Locate  the 
traverse  points  at  the  centroid  of  each  equal 
area  according  to  Figure  1-2. 

3.  References. 

Determining  Dust  Concentration  In  a  Gas 
Stream,  ASME  Performance  Test  Code  £27, 
New  York.  N.Y..  1957. 

Devorkln.  Howard,  et  al..  Air  Pollution 
Source  Testing  Manual.  Air  Pollution  Control 
District.  I<os  Angeles.  Calif.  November  1963. 

Metnods  for  Determination  of  Velocity, 
Volume.  Dust  and  Mist  Content  of  Gases. 
Western  Precipitation  Division  of  Joy  Manu¬ 


facturing  Co..  Los  Angeles,  Calif.  Bulletin 

WP  -50,  1968. 

Standard  Method  for  Sampling  Stacks  for 
Particulate  Matter,  In*  1971  Book  of  ASTM 
Standards,  Part  23.  Philadelphia,  Pa.  1971, 
ASTM  Designation  D-2928-71. 

METHOD  2 — DETERMINATION  OF  STACK  CAS 
VELOCITY  AND  VOLUMETRIC  FLOW  RATE  (TYPE 
S  PITOT  TUBE) 

1.  Principle  and  applicability. 

1.1  Principle  Stack  gas  velocity  Is  deter¬ 
mined  from  the  gas  density  and  from  meas¬ 
urement  of  the  velocity  head  using  a  Type  S 
(Stauschelbe  or  reverse  type)  pitot  tube. 

1.2  Applicability  Tills  method  should  be 
applied  only  when  specified  by  the  test  pro- 
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codures  lor  determining  compliance  with  the 
New  Source  Performance  Standards. 

2.  Apparatus. 

2.1  Pitot  tube — Type  S  (Figure  2-1).  or 
equivalent,  with  a  coefficient  within  ±5% 
ovct  the  working  range.  • 

2.2  Differential  pressure  gauge — Inclined 
manometer,  or  equivalent,  to  measure  veloc¬ 
ity  head  to  within  10%  of  the  minimum 
value. 

2.3  Temperature  gauge — Thermocouple  or 
equivalent  attached  to  the  pitot  tube  to 
measure  stack  temperature  to  within  1.6%  of 
the  minimum  absolute  stack  temperature. 

2.4  Pressure  gauge — Mercury- ill  led  U-tube 
manometer,  or  equivalent,  to  measure  stack 
pressure  to  within  0.1  In.  Hg. 


2.5  Barometer — To  measure  atmospheric 
pressure  to  within  0.1  Ixl  Hg. 

2.6  Gas  analyzer — To  analyze  gas  compoel- 
tlon  for  determining  molecular  weight. 

2.7  Pitot  tube — Standard  type,  to  cali¬ 
brate  Type  S  pitot  tube. 

3.  Procedure. 

3.1  Set  up  the  apparatus  as  shown  In  Ftg- 
ure  2-1.  Make  sure  all  connections  are  tight 
and  leak  free.  Measure  the  velocity  head  and 
temperature  at  the  traverse  points  specified 
by  Method  1. 

3.2  Measure  the  static  pressure  In  the 
stack. 

3.3  Determine  the  stack  gas  molecular 
weight  by  gas  analysis  and  appropriate  cal¬ 
culations  as  Indicated  In  Method  3. 
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4  Calibration. 

4.1  To  calibrate  the  pitot  tube,  measure 
the  velocity  head  at  some  point  In  a  flowing 
gas  stream  with  both  a  Type  S  pitot  tube  and 
a  standard  type  pitot  tube  with  known  co¬ 
efficient.  Calibration  should  be  done  In  the 
laboratory  and  the  velocity  of  the  flowing  gas 
stream  should  be  varied  over  the  normal 
working  range.  It  Is  recommended  that  the 
calibration  be  repeated  after  use  at  each  field 
site. 

4 J2  Calculate  the  pitot  tube  coefficient 
using  equation  2-1. 

n  Mp„d 

Pt..t  0,td  Y  Apu,i  equation  2-1 

where: 

Cp^.^Pltot  tube  coefficient  of  Type  S 
pitot  tube. 

CF,td  — Pitot  tube  coefficient  of  standard 
type  pitot  tube  (If  unknown,  use 
0.99). 

Ap«u=  Velocity  head  measured  by  stand¬ 
ard  type  pitot  tube. 

Apt  ut  ==  Velocity  head  measured  by  Type  S 
pitot  tube. 

4.3  Compare  the  coefficients  of  the  Type  S 
pitot  tube  determined  first  with  one  leg  and 
then  the  other  pointed  downstream.  Use  the 
pitot  tube  only  If  the  two  coefficients  differ  by 
no  more  than  0.01. 

5.  Calculations. 

Use  equation  2-2  to  calculate  the  stack  ga3 

velocity. 

Equation  2-2 

where: 

(V,) *,,.*■  Stack  gas  velocity,  feet  per  second  (f.p.s.). 

Kp=»85.4S—  ( r- — when  these  units 
*  sec.  \  lb.  mole-°R/ 
ereused. 

Cp-Pltot  tube  coefficient,  dimensionless. 
(T.).,«  -Averege  absoluto  stack  gas  temperature. 
°R. 


App.  A 

(Vap)*,,  -  Average  velocity  head  of  stack  gas,  Inches 
HiO  (see  Fig.  2-2). 

P,  =•  Absolute  stack  gas  pressure,  Inches  Ilg. 
M.- Molecular  weight  of  stack  gas  (wet  basis) 
lb./lb.-mo?e. 

Md“Dry  molecular  weight  of  stack  gas  (from 
Method  3). 

B*a- Proportion  by  volume  of  water  vapor  In 
the  gas  stream  (from  Method  4). 

Figure  2-2  shows  a  sample  recording  sheet 
for  velocity  traverse  data.  Use  the  averages 
In  the  last  two  columns  of  Figure  2-2  to  de¬ 
termine  the  average  stack  gas  velocity  from 
Equation  2-2. 

Use  Equation  2-3  to  calculate  the  stack 
gas  volumetric  flow  rate. 

«— 3M0<‘-b--M<tX.:)  (fit) 

Equation  2-3 

where: 

Q»— Volumetric  flow  rate,  dry  basis,  standard  condi¬ 
tions.  ft.*/hr. 

A  «■  Cross-sectional  area  of  stack,  ft.* 

T,td- Absolute  temperature  at  standard  conditions 
530°  U. 

P.wi -Absolute  pressure  et  standard  conditions,  29.W 
Inches  Hg. 

6.  References. 

Mark,  L.  S.,  Mechanical  Engineers*  Hand¬ 
book,  McGraw-Hill  Book  Co.,  Inc.,  New  York, 
N.Y.,  1951. 

Perry,  J.  H.,  Chemical  Engineers*  Hand¬ 
book,  McGraw-Hill  Book  Co.,  Inc.,  New  York, 
N.Y.,  1960. 

Shlgehara,  R.  T.,  W.  F.  Todd,  and  W.  8. 
Smith.  Significance  of  Errors  In  Stack  Sam¬ 
pling  Measurements.  Paper  presented  at  the 
Annual  Meeting  of  the  Air  Pollution  Control 
Association,  St.  Louis,  Mo.,  June  14-19,  1970. 

Standard  Method  for  Sampling  Stacks  for 
Particulate  Matter,  In:  1971  Book  of  ASTM 
Standards,  Part  23,  Philadelphia,  Pa.,  1971, 
ASTM  Designation  D-2928-71. 

Vennard,  J.  K ,  Elementary  Fluid  Mechan¬ 
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PLANT _ 

DATE _ 

RUN  NO _ 

STACK  DIAMETER,  in. 

BAROMETRIC  PRESSURE,  in.  Hg. _ 

STATIC  PRESSURE  IN  STACK  |P  ),  in.  Hg. _ 

OPERATORS _  SCHEMATIC  OF  STACK 

CROSS  SECTION 


Traverse  point 
number 

Velocity  head, 
in.  H^O 

v£7 

Stack  Temperature 
(TS).°F 

AVERAGE: 

Figure  2-2.  Velocily  traverse  data. 
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METHOD  3 - GAS  ANALYSIS  FOR  CARBON  DIOXIDE, 

EXCESS  AIR,  AND  DRY  MOLECULAR  WEIGHT 

1,  Principle  and  applicability. 

1.1  Principle.  An  integrated  or  grab  gas 
sample  la  extracted  from  a  sampling  point 
and  analyzed  Xor  Its  components  using  an 
Orsat  analyzer. 

1.2  Applicability.  Thl3  method  should  ha 
applied  only  when  specified  by  the  test  pro¬ 
cedures  Xor  determining  compliance  with  the 
New  Source  Performance  Standards.  The  test 
procedure  will  indicate  whether  a  grab  sam¬ 
ple  or  an  integrated  sample  Is  to  be  used. 

2.  Apparatus. 

2.1  Grab  sample  (Figure  3-1 ) . 

2.1.1  Probe — Stainless  steel  or  Pyrex  * 
glass,  equipped  with  a  filter  to  remove  partic¬ 
ulate  matter. 

2.1.2  Pump — One-way  squeeze  bulb,  or 
equivalent,  to  transport  gas  sample  to 
analyzer. 

2.2  Integrated  sample  { Figure  3-2) . 


22.1  Probe— Stainless  steel  or  Pyrex  i 
glass,  equipped  with  a  filter  to  remove  par¬ 
ticulate  matter. 

2  2.2  Air-cooled  condenser  or  equlvalentr— 
To  remove  any  excess  moisture. 

2.2.3  Needle  valve — To  adjust  flow  rate 

2.2.4  Pump— Leak-free,  diaphragm  typo, 
or  equivalent,  to  pull  ga3. 

2.2.5  Rate  meter — To  measure  a  flow 
range  from  0  to  0.035  cfm. 

2.2.6  Flexible  bag — Tedlar,1  or  equivalent, 
with  a  capacity  of  2  to  3  cu.  ft.  Leak  test  the 
bag  in  the  laboratory  before  using. 

2.2.7  Pitot  tube — Type  S,  or  equivalent, 
attached  to  the  probe  so  that  the  sampling 
flow  rate  can  be  regulated  proportional  to 
the  stack  gas  velocity  when  velocity  la  vary¬ 
ing  with ~  time  or  a  sample  traverse  u 
conducted. 

2.3  Analysis. 

2.3.1  Orsat  analyzer,  or  equivalent. 


1  Trade  name. 


Figure  3-1.  Grab-sampling  train. 


Figure  3-2.  Integrated  gas  -  sampling  train. 
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3.  Procedure . 

3.1  Grab  sampling. 

3.1.1  Set  up  the  equipment  as  shown  in 
Figure  3-1.  making  sure  all  connections  are 
leak-free.  Place  the  probe  In  the  stack  at  a 
sampling  point  and  purge ‘the  sampling  line. 

3.1.3  Draw  sample  Into  the  analyzer. 

3.3  Integrated  sampling. 

3.3.1  Evacuate  the  flexible  bag.  Set  up  the 
equipment  as  shown  In  Figure  3-2  with  the 
bag  disconnected.  Place  the  probe  In  the 
•tack  and  purge  the  sampling  line.  Connect 
the  bag.  making  sure  that  all  connections  are 
tight  and  that  there  are  no  leaks. 

3.3.3  Sample  at  a  rate  proportional  to  the 
stack  velocity. 

3.3  Analysis. 

3.3.1  Determine  the  COa,  O,,  and  CO  con¬ 
centrations  as  soon  as  possible.  Make  as  many 
passes  as  are  necessary  to  give  constant  read¬ 
ings.  If  more  than  ten  passes  are  necessary, 
replace  the  absorbing  solution. 

3.3.2  For  grab  sampling,  repeat  the  sam¬ 
pling  and  analysis  until  three  consecutive 
samples  vary  no  more  than  0.5  percent  by 
volume  for  each  component  being  analyzed. 

3.3.3  For  Integrated  sampling,  repeat  the 
analysis  of  the  sample  until  three  consecu¬ 
tive  analyses  vary  no  more  than  0.2  percent 
by  volume  for  each  component  being 
analyzed. 

4.  Calculations . 

1.1  Carbon  dioxide.  Average  the  three  con¬ 
secutive  runs  and  report  the  result  to  the 
nearest  0.1%  COr 

4.2  Excess  air.  Use  Equation  3-1  to  calcu¬ 
late  excess  air,  and  average  the  runs.  Report 
the  result  to  the  nearest  0.1%  excess  air. 

%  EA= 

(%Qa)-0.5(%CO) _ v  lnn 

0.264 (%  N,)-(%  O2)+0.5(%  CO)  AAUU 

equation  3-1 

where: 

%EA  =  Percent  excess  air. 

%Oa= Percent  oxygen  by  volume,  dry  basis. 

%Na  =  Percent  nitrogen  by  volume,  dry 
basl3. 

%CO  =  Percent  carbon  monoxldo  by  vol¬ 
ume,  dry  basis. 

0.264= Ratio  of  oxygen  to  nitrogen  In  air 
by  volume. 

4.3  Dry  molecular  weight.  Use  Equation 
3-2  to  calculate  dry  molecular  weight  and 
average  the  runs.  Report  the  result  to  the 
nearest  tenth. 

Md  =  0.44(  %COa)  +0.32(  %Oa) 

+  0.28(%N,-f  %CO) 
equation  3-2 

where: 

Md=Dry  molecular  weight,  Ib./lb-mole. 

%CO;~Percent  carbon  dioxide  by  volume, 
dry  basis. 

%0**Percent  oxygen  by  volume,  dry 
basis. 

%N*«Percent  nitrogen  by  volume,  dry 
basis. 


0.44*«Molecular  weight  of  carbon  <lloxld« 
divided  by  100. 

0.32— Molecular  weight  of  oxygen  divided 
by  100. 

0.28— Molecular  weight  of  nitrogen  and 
CO  divided  by  100. 
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METHOD  4 — DETERMINATION  OF  MOISTUU 
IN  STACK  GASES 

1.  Principle  and  applicability. 

1.1  Principle.  Moisture  is  removed  from 
the  gas  stream,  condensed,  and  determined 
volumetrlcally. 

1.2  Applicability.  This  method  Is  appli¬ 
cable  for  the  determination  of  moisture  In 
stack  gaj  only  when  specified  by  test  pro¬ 
cedures  for  determining  compliance  with  New 
Source  Performance  Standards.  This  method 
does  not  apply  when  liquid  droplets  are  pres¬ 
ent  In  the  gas  stream  1  and  the  moisture  Is 
subsequently  used  In  the  determination  ot 
stack  gas  molecular  weight. 

Other  methods  such  as  drying  tubes,  wet 
bulb-dry  bulb  techniques,  and  volumetric 
condensation  techniques  may  be  used. 

2.  Apparatus. 

2.1  Probe — Stainless  steel  or  Pyrex*  glass 
sufficiently  heated  to  prevent  condensation 
and  equipped  with  a  filter  to  remove  particu¬ 
late  matter. 

2.2  Implngers — Two  midget  lmplngers 
each  with  30  ml.  capacity,  or  equivalent. 

2.3  Ice  bath  container — To  condense 
moisture  In  lmplngers. 

2.4  Silica  gel  tube  (opuonal) — To  protect 
pump  and  dry  gas  meter. 

2.6  Needle  valve — To  regulate  gas  flow 
rate. 

2.6  Pump — Leak-free,  diaphragm  type,  ot 
equivalent,  to  pull  gas  through  train. 

2.7  Dry  gas  meter — To  measure  to  within 
1%  of  the  total  sample  volume. 

2.8  Rotameter — To  measure  a  flow  rang* 
from  0  to  0.1  c.f.m. 

2.9  Graduated  cylinder — 25  ml. 

2.10  Barometer — Sufficient  to  read  to 
within  0.1  Inch  Hg. 

2.11  Pitot  tube — Type  8,  or  equivalent 
attached  to  probe  so  that  the  sampling  flow 


1  If  liquid  droplets  are  present  in  the  gas 
stream,  assume  the  stream  to  be  saturated, 
determine  the  average  stack  gas  temperature 
by  traversing  according  to  Method  1.  and 
use  a  psychrometrlc  chart  to  obtain  an  ap¬ 
proximation  of  the  moisture  percentage. 

•Trade  name. 
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rat*  can  be  regulated  proportional  to  the 
•tack  gas  velocity  when  velocity  Is  varying 
with  time  or  a  sample  tm verso  Is  conducted. 

3.  Procedure. 

3.1  Place  exactly  5  ml.  distilled  water  In 
each  lmplnger.  Assemble  the  apparatus  with¬ 
out  the  probe  as  shown  In  Figure  4-1.  Leak 
check  by  plugging  the  Inlet  to  the  first  Im- 
plnger  and  drawing  a  vacuum.  Insure  that 
flow  through  the  dry  gas  meter  Is  less  than 
l  %  of  the  sampling  rate. 

3.2  Connect  the  probe  and  sample  at  a 


constant  rate  of  0.075  c.f.m.  or  at  a  rate  pro¬ 
portional  to  the  stack  gas  velocity.  Continue 
sampling  until  the  dry  gas  meter  registers  1 
cubic  foot  or  until  visible  liquid  droplets  are 
carried  over  from  the  first  lmplnger  to  the 
second.  Record  temperature,  pressure,  and 
dry  gas  meter  readings  as  required  by  Figure 
4-2. 

3.3  After  collecting  the  sample,  measure 
the  volume  Increase  to  the  nearest  0.6  ml. 

4.  Calculations. 

4.1  Volume  of  water  vapor  collected. 


V„ 


(V,-V,)PB^RT.a=s0  0474f^(V_V) 


P^tS^HjO 


ml. 


equation  4-1 


where : 

Vwo= Volume  of  water  vapor  collected 
(standard  conditions) ,  cu.  ft. 

Vi  — Final  volume  of  lmplnger  contents, 
ml. 

Vi  =  Initial  volume  of  lmplnger  con¬ 
tents.  ml. 

R= Ideal  gas  constant,  21.83  Inches 
Hg — cu.  ft. /lb.  mole-*R. 


pH20= Density  of  water,  1  g./ml. 

T.  *•=: Absolute  temperature  at  standard 
conditions,  630*  R. 

P. td— Absolute  pressure  at  standard  con¬ 
ditions,  29.92  Inches  Hg. 

Mhjo= Molecular  weight  of  water,  18  lby 
lb.-mole. 


Figure  4-1.  Moisture-sampling  train. 
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LOCATION _  COMMENTS 

TEST _ 

DATE _ 

OPERATOR  • _ 

BAROMETRIC  PRESSURE _ 


CLOCK  TIME 

GAS  VOLUME  THROUGH 
METER.  (Vm). 
ft* 

ROTAMETER  SETTING 

METER  TEMPERATURE. 
°F 

Figure  4-2.  Field  moisture  determination. 


43  Gas  volume. 


equation  4-2 


where : 

=Dry  gas  volume  through  meter  at 
etandard  conditions,  cu.  It. 

V»  =Dry  gas  volume  measured  by  meter, 
cu.  ft. 

P.  =  Barometric  pressure  at  the  dry  gas 
meter.  Inches  Hg. 

P.t4=Pressure  at  standard  conditions,  29.93 
Inches  Hg. 

Tit«= Absolute  temperature  at  standard 
conditions,  630*  R. 


Tn  =  Absolute  temperature  at  meter  ( 
460) ,  *R. 

43  Moisture  content. 


V..+V, 


-+B. 


V.. 


*v..+vm;+(0025) 

equation  4-3 


where: 

B wo = Proport l on  by  volume  of  water  vapor 
In  the  gas  stream,  dimensionless. 

V«i  =  Volume  of  water  vapor  collected 
(standard  conditions) ,  cu.  ft. 

Vmc  —Dry  gas  volume  through  meter 
(standard  cor''" 4  Ions) ,  cu.  ft. 

Bwu  —  Approximate  volumetric  proportion 
of  water  vapor  In  the  gas  stream 
leaving  the  Imping  era,  0.025. 
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Method  6 — Determination  or  Particulate 
Emissions  From  Stationary  Sources 

1.  Principle  and  applicability. 

1.1  Principle.  Particulate  matter  is  with¬ 
drawn  isokinetlcally  from  the  source  and  Its 
weight  1s  determined  gravl  metrically  after  re¬ 
moval  of  un combined  water. 

1.2  Applicability.  Tills  method  Is  applica¬ 
ble  for  the  determination  of  particulate  emis¬ 
sions  from  stationary  sources  only  when 
specified  by  the  test  procedures  for  determin¬ 
ing  compliance  with  New  Source  Perform¬ 
ance  Standards. 

2.  Apparatus. 

2.1  Sampling  train.  The  design  specifica¬ 
tions  of  the  particulate  sampling  train  used 
by  EPA  (Figure  6-1)  are  described  In  AFTD- 
0581.  Commercial  models  of  this  train  ore 
available. 

2.1.1  Nozzle — Stainless  steel  (316)  with 
sharp,  tapered  leading  edge. 

2.1.2  Probe — Pyrex  1  glass  with  a  heating 
system  capable  of  maintaining  a  minimum 
gus  temperature  of  250*  F.  at  the  exit  end 
during  sampling  to  prevent  condensation 
from  occurring.  When  length  limitations 
(greater  than  about  8  ft.)  are  encountered  at 
temperatures  less  than  600*  F..  Incoloy  825  l. 
or  equivalent,  may  be  used.  Probes  for  sam¬ 
pling  gas  streams  at  temperatures  In  excess 
of  600*  F.  must  have  been  approved  by  the 
Administrator. 

2.1.3  Pitot  tube — Type  S,  or  equivalent 
attached  to  probe  to  monitor  stack  gas 
velocity. 


1  Trade  name. 


2.1.4  Filter  Holder — Pyrex 1  glasa  with 
heating  system  capable  of  maintaining  mini¬ 
mum  temperature  of  225*  F. 

2.1.6  Xmpingers/  Condenser — Four  impln- 
gers  connected  in  serlee  with  glass  ball  Joint 
fittings.  The  first,  third,  and  fourth  lmpln- 
gers  are  of  the  Greenburg- Smith  design, 
modified  by  replacing  the  tip  with  a  %-lnch 
ID  glass  tube  extending  to  one-half  Inch 
from  the  bottom  of  the  flask.  The  second  1m- 
plnger  Is  of  the  Green  burg -Smith  design 
with  the  standard  tip.  A  condenser  may  be 
used  in  place  of  the  Imp  Log  era  provided  that 
the  moisture  content  of  the  stack  gas  oan 
still  be  determined. 

2.1.6  Metering  system — Vacuum  gauge, 
leak -free  pump,  thermometers  capable  of 
measuring  temperature  to  within  6*  F.,  dry 
gas  meter  with  2%  accuracy,  and  related 
equipment,  or  equivalent,  as  required  to 
maintain  an  Isokinetic  sampling  rate  and  to 
determine  sample  volume. 

2.1.7  Barometer — To  measure  atmospheric 
pressure  to  ±0.1  Inches  Hg. 

2.2  Sample  recovery. 

2.2.1  Probe  brush — At  least  as  long  as 
probe. 

2.2.2  Glass  wa3h  bottles — Two. 

2.2.3  Glass  sample  storage  containers. 

2  2. 4  Graduated  oy Under — 260  mL 

2.3  Analysis. 

2.3.1  Glass  weighing  dishes. 

2.3.2  Desiccator. 

2.3.3  Analytical  balance — To  measure  to 
±0.1  mg. 

2.3.4  Trip  balance — 300  g.  capacity,  to 
measure  to  ±0.06  g. 

3.  Reagents. 

3.1  Sampling. 

3.1.1  Filters— Glass  fiber.  MSA  1X06  BH». 
or  equivalent,  numbered  for  Identification 
and  preweighed. 

3.1.2  Silica  gel — Indicating  type,  G-lfl 
mesh,  dried  at  175*  C.  (360*  F.)  for  2  hours. 

3.1.3  Water. 

3.1.4  Crushed  Ice. 

3.2  Sample  recovery. 

3.2.1  Acetone — Reagent  grad*. 

3.3  Analysis. 

3.3.1  Water. 
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IMPINGER  TRAIN  OPTIONAL.  MAY  BE  REPLACED 
BY  AN  EQUIVALENT  CONDENSER 


PUMP 


Figure  5-1,  Particulate-sampling  ttaln. 


3.3.3  Desiccant — Drlerlte,1  Indicating. 

4.  Procedure. 

4.1  Sampling 

4.1.1  After  selecting  the  sampling  site  and 
the  minimum  number  of  sampling  points, 
determine  the  stack  pressure,  temperature, 
moisture,  and  range  of  velocity  head. 

4.1.2  Preparation  of  collection  train. 
Weigh  to  the  nearest  gram  approximately  200 
g.  of  silica  gel.  Label  a  Alter  of  proper  diam¬ 
eter,  desiccate*  for  at  least  24  hours  and 
weigh  to  the  nearest  0.5  mg.  In  a  room  where 
the  relative  humidity  Is  less  than  50%.  Place 
100  ml.  of  water  In  each  of  the  first  two 
lmplngers,  leave  the  third  lmplnger  empty, 


1  T.ade  name. 

•Dry  using  Drlerlte  ^  at  70*  F.±10*  P. 


and  place  approximately  200  g.  of  preweighed 
silica  gel  In  the  fourth  lmplnger.  Set  up  the 
train  without  the  probe  as  In  Figure  5-1, 
Leak  check  the  sampling  train  at  the  sam¬ 
pling  site  by  plugging  up  the  Inlet  to  the  Al¬ 
ter  holder  and  pulling  a  15  In.  Hg  vacuum.  A 
leakage  rate  not  In  excess  of  0  02  c^m.  at  a 
vacuum  of  15  in.  Hg  Is  acceptable.  Attach 
the  probe  and  adjust  the  heater  to  provide  a 
gas  temperature  oT  about  250*  P.  at  the  probe 
outlet.  Turn  on  the  Alter  heating  eye  tern. 
Place  crushed  ice  around  the  lmplngers.  Add 
more  Ice  during  the  run  to  keep  the  temper¬ 
ature  of  the  gases  leaving  the  last  lmplnger 
as  low  as  possible  and  ^•f-'rably  at  70*  P-, 
or  less.  Temperatures  above  70®  P.  may  result 
In  damage  to  the  dry  gas  meter  from  either 
moisture  condensation  or  excessive  heat. 
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4,1.3  Particulate  train  operation.  For  each 
run,  record  the  data  required  on  the  example 
sheet  shown  In  Figure  5-2.  Take  readings  at 
each  sampling  point,  at  least  every  5  minutes, 
and  when  significant  changes  In  stack  con¬ 
ditions  necessitate  additional  adjustments 
In  flow  rate.  To  begin  sampling,  position  the 
nozzle  at  the  first  traverse  point  with  the 
tip  pointing  directly  Into  the  gas  stream. 
Immediately  start  the  pump  and  adjust  the 
flow  to  Isokinetic  conditions.  Sample  for  at 
least  5  minutes  at  each  traverse  point;  sam¬ 


pling  time  must  be  the  same  for  each  point. 
Maintain  Isokinetic  sampling  throughout  the 
sampling  period.  Nomographs  are  available 
which  aid  In  the  rapid  adjustment  of  the 
sampling  rate  without  other  computations. 
APTD-0570  details  the  procedure  for  using 
these  nomographs.  Turn  off  the  pump  at  the 
conclusion  of  each  run  and  record  the  final 
readings.  Remove  the  probe  and  nozzle  from 
the  stack  and  handle  In  accordance  with  the 
sample  recovery  process  described  In  section 
4.2. 
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4  2  Sample  recovery.  Exercise  care  In  mov¬ 
ing  the  collection  train  from  the  test  site  to 
the  sample  recovery  area  to  minimize  the 
loss  of  collected  sample  or  the  gain  of 
extraneous  particulate  matter.  Set  aside  a 
portion  of  the  acetone  used  In  the  sample 
recovery  a3  a  blank  for  analysis  Measure  the 
volume  of  water  from  the  first  three  Im- 
plngers,  then  discard.  Place  the  samples  In 
containers  as  follows: 

Container  No.  1.  Remove  the  filter  from 
its  holder,  place  In  this  container,  and  seal. 


Container  No.  2.  Place  loose  particulate 
matter  and  acetone  washings  from  all 
sample-exposed  surfaces  prior  to  the  filter 
In  this  container  and  seal.  Use  a  razor  blade, 
brush,  or  rubber  policeman  to  lose  adhering 
particles. 

Container  No.  3.  Transfer  the  silica 
from  the  fourth  implnger  to  the  original  con¬ 
tainer  and  seal.  Use  a  rubber  policeman  a* 
an  aid  In  removing  silica  gel  from  the 
Implnger. 
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4.3  Analysis.  Record  the  data  required  on 
the  example  eheet  shown  In  Figure  5-3. 
Handle  each  sample  container  as  follows: 

Container  No.  1.  Transfer  the  filter  and 
fcny  loose  particulate  matter  from  the  sample 
container  to  a  tared  glass  weighing  dish, 
desiccate,  and  dry  to  a  constant  weight.  Re¬ 
port  results  to  the  nearest  0.5  mg. 

Container  No.  2.  Transfer  the  acetone 
washings  to  a  tared  beaker  and  evaporate  to 
dryness  at  ambient  temperature  and  pres¬ 
sure.  Desiccate  and  dry  to  a  constant  weight. 
Report  results  to  the  nearest  0.5  mg. 

Container  No.  3.  Weigh  the  spent  silica  gel 
and  report  to  the  nearest  gram. 

5.  Calibration. 

TTse  methods  and  equipment  which  have 
been  approved  by  the  Administrator  to 
calibrate  the  orifice  meter,  pitot  tube,  dry 
gas  meter,  and  probe  heater.  Recalibrate 
after  each  test  series. 

6.  Calculations. 

6.1  Average  dry  gas  meter  temperature 
and  average  orifice  pressure  drop.  See  data 
sheet  (Figure  5-2). 

6.2  Dry  gas  volume.  Correct  the  sample 
volume  measured  by  the  dry  gas  meter  to 
etandard  conditions  (70*  F.,  29.92  Inches  Hg) 
by  using  Equation  5-1. 


equation  5-1 


6.3  Volume  of  water  vapor 

y  _ y  pHlO  RT.td  ib. 

v-.id-  v'.Mhj0  pitd  454  gm 

V,. 

equation  5-2 

where: 

V„.t4- Volume  of  water  vapor  In  the  gas 
sample  (standard  conditions), 
cu.  ft. 

Vi,— Total  volume  of  liquid  collected  In 
lmplngers  and  silica  gel  (see  Fig¬ 
ure  5-3) ,  ml. 

paao—  Density  of  water,  1  g./ml. 

Ma^o  — Molecular  weight  of  water.  18  lb./ 
lb. -mole. 

R  — Ideal  gas  constant,  21.63  Inches 
Hg — cu.  ft./lb.-mole-*R. 

T#ta  — Absolute  temperature  at  standard 
conditions,  530*  R. 

Absolute  pressure  at  standard  con¬ 
ditions,  29.92  Inches  Hg. 

6.4  Moisture  content. 


v-.., 


equation  5-3 


where: 

ll««  -Proportion  by  volume  of  wa lor  vapor  in  the  gas 
stream,  d  Intension  I  ess. 

N  *,ui— Volume  of  water  In  the  gas  sample  (standard 
conditions),  cu.  ft. 

'  -Volume  of  g&i  sample  through  the  dry  gas  meter 
(standard conditions),  cu.  ft. 


where: 

V«#t4— Volume  of  gas  sample  through  the 
dry  ga3  meter  (standard  condi¬ 
tions),  cu.  ft. 

V.- Volume  of  gas  sample  through  the 
dry  gas  meter  (meter  condi¬ 
tions)  ,  cu.  ft. 

Tit4— Absolute  temperature  at  standard 
conditions,  530*  R. 

T.— Average  dry  gas  raster  temperature, 
•R. 

P*.,— Barometric  pressure  at  the  orifice 
meter,  Inches  Hg. 

AH— Average  pressure  drop  across  the 
orifice  meter,  inches  HaO. 

13.6  — Specific  gravity  of  mercury. 

PiU— Absolute  pressure  at  standard  con¬ 
ditions,  29.92  Inches  Hg. 


6  5  Total  particulate  weight.  Determine 
the  total  particulate  catch  from  the  sum  of 
the  weights  on  the  analysis  data  sheet 
(Figure  5-3) . 

6.6  Concentration. 

5.6. 1  Concentration  In  gr./s.cX 


equation  5-4 

whore: 

o'. -Concentration  of  particulate  matter  in  stack 
gas,  gr./s.c.f.,  dry  basis. 

M. -Total  amount  of  particulate  matter  collected 
mg. 

Volume  of  gas  sample  through  dry  gas  meter 
(standard  conditions),  cu.  ft. 


I 


r 

i 

( 
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fl.6.3  Concentration  In  lb./cu.  ft. 


c.” 


(,453,' 


GOO  mg./  ‘ 

V, 


=  2.203X10-# 


M0 


Q«td 


wbsre: 

c.— Concentration  of  particulate  matter  In  stack 
gas,  Ib./s.c.f.,  dry  basis. 

463,600— Mg/lb. 


M.— Total  amount  of  particulate  matter  collected 
mg 

—Volume  of  gas  sample  through  dry  gas  mete> 
(standard  conditions),  cu.  ft. 

6  7  Isokinetic  variation. 


I  =  T 


•[(°- 


.00267  in.  Hg-cu.  ft. 


tnl— *R 


flV.P.A.' 


pmifttion  5-6 


where: 

I -Percent  of  Isokinetic  sampling. 

V*#— Total  volume  of  liquid  collected  In  tmplngere 
and  silica  gel  (Soo  Fig.  6-3),  mL 
#H,o-Don3lty  of  water,  1  g  /ml. 

It-Idnal  gas  constant,  21.83  Inches  Hg-cu.  ft. /lb. 
ino1e-°R. 

MhjO  -Molecular  weight  of  water,  18  ib./lb.-mole. 


V »  -» Volume  of  gas  sample  through  the  dry  gas  meter 
(meter  conditions),  cu.  ft. 

T» -Absolute  average  dry  gas  meter  temperature 
(see  Figure  6-2),  °R. 

Pfcw— Barometric  pressure  at  sampling  site.  Inches 
Hg 

AH -Average  pressure  drop  across  the  orifice  (see 
Fig.  6-2),  Inches  HjO. 

T,-AbsoluU  average  stack  gas  temperature  (see 
Fig.  6-2),  °R. 

#— Total  sampling  time,  min 

V,- Stack  gas  velocity  calculated  by  Method  2, 
Equation  2-2,  ft./sec. 

P,— Absolute  stack  gas  pressure.  Inches  Hg. 

A* -Cross-sectional  area  of  noizle,  sq.  ft. 


6.8  Acceptable  results.  The  following 
rang®  Beta  the  limit  on  acceptable  Isokinetic 
sampling  results: 

If  90%  <  I  <  110%,  the  results  are  acceptable, 
otherwise,  reject  the  results  and  repeat 
the  test. 
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METHOD  6 - D EXTERMINATION  07  STJUTJR  DIOXTDV 

EMISSIONS  raoM  STATIONARY  SOTXSCT3 

1  Principle  and  applicability. 

1.1  Principle  A  gas  sample  Is  extracted 
from  the  sampling  point  In  the  stack.  The 
acid  mist,  Including  sulfur  trloxide.  Is  sepa¬ 
rated  from  the  sulfur  dioxide.  The  sulfur 
dioxide  fraction  Is  measured  by  the  barium  - 
thorln  titration  method. 

1.2  Applicability.  This  method  la  appli¬ 
cable  for  the  determination  of  sulfur  dioxide 
emissions  from  stationary  sources  only  when 
specified  by  the  test  procedure®  for  determin¬ 
ing  compliance  with  New  Source  Performance 
Standards. 

2.  Apparatus. 

2.1  Sampling  S^e  Figure  6-1. 

2.1.1  Probe — Pyrex1  glass,  approximately 
6  to  8  mm.  ID,  with  a  heating  system  to 
prevent  condensation  and  a  filtering  medium 
to  remove  particulate  matter  Including  sul¬ 
furic  acid  mist. 

2.1.2  Midget  bubbler — One,  with  glass 
wool  packed  In  top  to  prevent  sulfuric  add 
mist  carryover. 

2.1.3  Glass  wool. 

2.1.4  Midget  lmpingers — Throe. 

2.1.6  Drying  tube— Packed  with  6  to  10 
mean  Indicating -type  silica  gel,  or  equivalent, 
to  dry  tha  cample 

2.1  6  Valve — Needle  valve,  or  equivalent, 
to  adjust  flow  rate. 

2.1.7  Pump — Leak-free,  vacuum  type. 

2.1.8  Rate  meter — Rotameter  or  equiva¬ 
lent,  to  measure  a  0-10  scJ.h.  flow  range. 

2.1.9  Dry  gas  meter — Sufficiently  nccurate 
to  measure  the  sample  volume  within  1%. 

2.1.10  Pitot  tube — Type  S,  or  equivalent 
ncceadary  only  if  a  sample  traverse  Is  re¬ 
quired,  or  if  stack  gas  velocity  varies  with 
time. 

2  2  Sample  recovery. 

2.2.1  Glass  wwih  bottles — Two. 

2.2.2  Polyethylene  storage  bottles — To 
Btoro  lmplnger  samples 

2.3  Analysis. 


1  Trade  names 
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Figure  6-1.  SO2  sampling  train. 


2.3.1  Pipettes — Transfer  type.  6  ml.  and 
10  ml.  sizes  (0.1  ml.  divisions)  and  25  ml. 
•Lze  (0.2  ml  divisions). 

2  3  2  Volumetric  flask* — 50  ml..  100  ml., 
and  1.000  ml. 

2.3.3  Burettes — 5  ml.  snd  50  ml. 

2.3.4  Erlenmeyer  fiaak — 125  ml. 

3.  Reagents. 

3.1  Sampling. 

3.1.1  Water — Deionized,  distilled. 

3.1.2  Isopropanol.  80% — Mix  80  ml.  of  lso- 
propanol  with  20  ml.  of  distilled  water. 

3.13  Hydrogen  peroxide,  3% — dilute  100 
ml.  of  30%  hydrogen  peroxide  to  1  liter  with 
distilled  water.  Prepare  fresh  dally. 

3.2  Sample  recovery. 

3.2.1  Water — Deionized,  distilled. 

3.2.2  Isopropanol,  B0%. 

3  3  Analysis 

3.3.1  Water — Deionized,  distilled. 

3  3.2  Isopropanol. 

3.3  3  Thorln  Indicator — l-(o-arsonopben- 
ylazo)  -2-naphthol-3.6-dlsulfonlc  acid,  dlso- 
dlum  salt  (or  equivalent).  Dissolve  0.20  g.  in 
100  ml.  distilled  water. 

3.3.4  Barium  perchlorate  (0.01  N) — Dis¬ 
solve  1  95  g.  of  barium  perchlorate 
[Ba(C10,)f  •  3H..O|  In  200  ml,  distilled  water 
and  dilute  to  1  liter  with  Isopropanol.  Stand¬ 
ardize  with  sulfuric  acid.  Barium  chloride 
may  be  used. 

3.3.5  Sulfuric  acid  standard  (0.01  N)  — 
Purchase  or  standardize  to  ±0.0002  N 
against  0.01N  NaOH  which  haa  previously 
been  standardized  against  potassium  acid 
phthalate  (primary  standard  grade). 

4.  Procedure . 

4.1  Sampling. 


4.1.1  Preparation  of  collection  train.  Pour 
15  ml.  of  80 %  Isopropanol  Into  the  midget 
bubbler  and  15  ml.  of  3%  hydrogen  peroxide 
into  each  of  the  first  two  midget  lmplngera. 
Leave  the  final  midget  Implnger  dry.  Assem¬ 
ble  the  train  as  shown  In  Figure  6-1.  Leak 
check  the  sampling  train  at  the  sampling 
site  by  plugging  the  probe  Inlet  and  pulling 
a  10  Inches  Hg  vacuum.  A  leakage  rate  not 
In  excess  of  1%  of  the  sampling  rate  la  ac¬ 
ceptable.  Carefully  release  the  probe  Inlet 
plug  and  turn  off  the  pump.  Place  crushed 
Ice  around  the  lmplngers  Add  more  Ice  dur¬ 
ing  the  run  to  keep  the  temperature  of  the 
gases  leaving  the  last  Implnger  at  70*  F.  or 
less. 

4.1.2  Sample  collection  Adjust  the  sam¬ 
ple  flow  rite  pro^-^onal  to  the  stack  gas 
velocity  Take  readings  at  least  every  five 
minutes  and  when  significant  changes  In 
stack  conditions  necessitate  additional  ad¬ 
justments  In  flow  rate.  To  begin  sampling, 
position  the  tip  of  the  probe  at  the  first 
sampling  point  and  start  the  pump.  Sam¬ 
ple  proportionally  throughout  the  run.  At 
the  conclusion  of  each  run,  turn  off  the 
pump  and  record  the  final  readings.  Remove 
the  probe  from  the  stack  and  disconnect  It 
from  the  train  Drain  the  Ice  bath  and  purge 
the  remaining  part  of  the  train  by  drawing 
clean  ambient  air  through  the  system  for  15 
minutes. 

4.2  Sample  recovery.  Disconnect  the  lm¬ 
plngers  after  purging.  Discard  the  content* 
of  the  midget  bubbler.  Pour  the  content*  of 
the  midget  lmplngers  Into  a  polyethylene 
shipment  bottle.  Rinse  the  three  midget  lm¬ 
plngers  and  the  connecting  tube*  with  dla- 
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tilled  water  and  add  these  washings  to  the 
same  storage  container. 

4.3  Samplo  analysis.  Transfer  the  contents 
of  the  storago  container  to  a  50  ml.  volu¬ 
metric  flask.  Dilute  to  the  mark  with  de¬ 
ionized.  distilled  water.  Pipette  a  10  ml. 
aliquot  of  this  solution  Into  a  125  ml.  Erlen- 
meyer  flask.  Add  40  ml.  of  Isopropanol  and 
two  to  four  drops  of  thorln  Indicator.  Titrate 
to  a  pink  endpoint  using  0.01  N  barium 
perchlorate.  Run  a  blank  with  each  series 
of  aamples. 

5.  Calibration. 

5.1  Use  standard  methods  and  equipment 
which  have  been  approved  by  the  Adminis¬ 
trator  to  calibrate  the  rotameter,  pitot  tube, 
dry  gas  meter,  and  probe  heater. 

6.2  Standardize  the  barium  perchlorate 
against  25  ml.  of  standard  sulfuric  acid  con¬ 
taining  100  ml.  of  Isopropanol. 

0.  Calculations. 

iTi  Dry  gas  volume.  Correct  the  sample 
volume  measured  by  the  dry  gas  meter  to 


standard  conditions  (70*  F  and  29.92  Inches 
Hg)  by  using  equation  6-1. 


1 7  ^  i 

* /  in.  Hg\  Tm  /  equation  6-1 

where: 

Vmlt4“  Volume  of  gas  sample  through  the 
dry  gas  meter  (standard  condi¬ 
tions),  cu.  ft. 

Vm— Volume  of  gas  sample  through  the 
dry  gas  meter  (meter  condi¬ 
tions),  cu.  ft. 

T-i4—  Absolute  temperature  at  standard 
conditions.  530*  R. 

Average  dry  gas  meter  temperature. 
*R. 

Pfctr«-  Barometric  pressure  at  the  orifice 
meter,  Inches  Hg. 

P,u—  Absolute  pressure  at  standard  cc~> 
dltlons,  29.92  Inches  Hg. 

0.2  Sulfur  dioxide  concentration. 


>so3= 


/  lb.!  \  (V,-V,b)N(^) 

=  (7.05X10-'  ~) - -  -  A  v»  L 

V  g.-ml./  V..td 


where: 

Concentration  of  sulfur  dioxide 
at  standard  conditions,  dry 
basis,  lb./cu.  ft. 

7.05  X 10-*— Conversion  factor,  Including  the 
number  of  grams  per  gram 
equivalent  of  sulfur  dioxide 
(32  g./g.-eq.) ,  453.6  g./lb..  and 
1,000  ml./!.,  lb.-l. /g.-ml. 

Vt  —  Volume  of  barium  perchlorate 
tltrant  used  for  the  sample, 
ml. 

V,*—  Volume  of  barium  perchlorate 
tltrant  used  for  the  blank,  ml. 

/V  —  Normality  of  barium  perchlorate 
tltrant,  g.-eq./l. 

V-ol#  — Total  solution  volume  of  sulfur 
dioxide,  50  ml 

V%— Volume  of  sample  aliquot  ti¬ 
trated,  ml. 

Vn>,,j -* Volume  of  gas  sample  through 
the  dry  gas  meter  (standard 
conditions),  cu.  ft.,  see  Equa¬ 
tion  0-1. 
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equation  6-2 

METHOD  7 — DETERMINATION  Or  NITROGEN  OXIDE 
EMISSIONS  FROM  STATIONARY  SOURCES 

1.  Principle  and  applicability. 

1.1  Principle.  A  grab  sample  Is  collected 
in  an  evacuated  flask  containing  a  dilute 
sulfuric  acid-hydrogen  peroxide  absorbing 
solution,  and  the  nitrogen  oxides,  except 
nitrous  oxide,  are  measure  colorlmetrically 
using  the  phenoldlsulfonlc  acid  (PDS) 
procedure. 

1.2  Applicability.  This  method  Is  applica¬ 
ble  for  the  measurement  of  nitrogen  oxides 
from  stationary  sources  only  when  specified 
by  the  test  procedures  for  determining  com¬ 
pliance  with  New  Source  Performance 
Standards. 

2.  Apparatus. 

2.1  Sampling.  See  Figure  7-1. 

2.1.1  Probe — Pyrex 1  glass,  heated,  with 
filter  to  remove  particulate  matter.  Heating 
is  unnecessary  if  the  probe  remains  dry  dur¬ 
ing  the  purging  period. 

2.1.2  Collection  flask — Two-liter,  Pyrex,1 
round  bottom  with  short  neck  and  24/40 
standard  taper  opening,  protected  against 
Implosion  or  breakage 

2.1.3  Flask  valve — T-bore  stopcock  con¬ 
nected  to  a  24/40  standard  taper  Joint. 

2.1.4  Temperature  gauge — Dial -type  ther¬ 
mometer,  or  equivalent,  capable  of  measur¬ 
ing  2’  F.  intervals  from  25*  to  125#  F, 

216  Vacuum  line — Tuhlng  capable  of 
withstanding  a  vacuum  of  3  Inches  Hg  abso¬ 
lute  pressure,  with  ”T”  connection  and  T-bore 
stopcock,  or  equivalent. 

2  1.6  Pressure  gauge — U-tube  manometer, 
30  Inches,  with  0  1 -Inch  divisions,  or 
equivalent. 


*  Trade  name 


586 


A- 1  8 


Chapter  I — Environmental  Protection  Agency 


App.  A 


2  1.7  Pump — Capable  of  producing  a  vac-  2  2.1  Pipette  or  dropper, 
uum  of  3  Inches  Hg  absolute  pressure.  2.2.2  Glass  storage  containers — Cushioned 

2  1.8  Squeeze  bulb — Oneway.  for  shipping. 

2.2  Sample  recovery. 


Figure  7-1 ,  Sampling  tram,  flask  valve,  and  flask. 


2.2.3.  Glass  wash  bottle. 

2.3  Analysis. 

2.3.1  Steam  bath. 

2.3.2  Beakers  or  casserole3 — -250  ml.,  one 
for  each  sample  and  standard  (blank). 

2.3.3  Volumetric  pipettes — 1,  2.  and  10  ml. 

2.3.4  Transfer  pipette — 10  ml.  with  0.1  ml. 
divisions. 

2.3.5  Volumetric  flask— 100  ml.,  one  for 
each  sample,  and  1,000  ml.  for  the  standard 
(blank) . 

2.3  6  Spectrophotometer — To  measure  ab¬ 
sorbance  at  420  nm. 

2.3.7  Graduated  cylinder — 100  ml.  with 
1.0  ml  divisions. 

2.3.0  Analytical  balance — To  measure  to 
0.1  mg. 

3.  Reagents. 

3.1  Sampling. 

3.1.1  Absorbing  solution — Add  2.8  ml  of 
concentrated  H,S04  to  1  liter  of  distilled 
water.  Mix  well  and  add  0  ml.  of  3  percent 
hydrogen  peroxide.  Prepare  a  fresh  solution 
weekly  and  do  not  expose  to  extreme  heat  or 
direct  sunlight. 

3.2  Sample  recovery. 

3.2.1  Sodium  hydroxide  (1*V) — Dissolve 
40  g.  NaOH  In  distilled  water  and  dilute  to  1 
liter. 

3  2.2  Red  litmus  paper. 

3.2.3  Water — Deionized,  distilled. 


3.3  Analysis. 

3.3.1  Fuming  sulfuric  acid — 15  to  18%  by 
weight  Tree  sulfur  trioxide. 

3.3.2  Phenol — White  solid  reagent  grade. 

3.3.3  Sulfuric  acid— Concentrated  reagent 
grade. 

3.3.4  Standard  solution — Dissolve  0.5495  g. 
potassium  nitrate  (KNO,)  In  distilled  water 
and  dilute  to  1  liter.  For  the  working  stand¬ 
ard  solution,  dilute  10  ml.  of  the  resulting 
solution  to  100  ml.  with  distilled  water.  One 
ml.  of  the  working  standard  solution  la 
equivalent  to  25  Ag.  nitrogen  dioxide. 

3.3.5  Water — Deionized,  distilled. 

3.3.0  Phenoldlsulfonlc  acid  solution — 
Dissolve  25  g.  of  pure  white  phenol  In  150  ml. 
concentrated  sulfuric  acid  on  a  steam  bath. 
Cool,  add  75  ml.  fuming  sulfuric  acid,  and 
heat  at  100*  C.  for  2  hours.  Store  in  a  dark, 
stoppered  bottle. 

4.  Procedure. 

4.1  Sampling. 

4.1.1  Pipette  25  ml.  of  absorbing  solution 
into  a  sample  flask.  Insert  the  fla3k  valve 
stopper  Into  the  flask  with  the  valve  In  the 
Mpurge°  position.  Assemble  the  sampling 
train  as  shown  In  Figure  7-1  and  place  the 
probe  at  the  sampling  point.  Turn  the  flask 
valve  and  the  pump  valve  to  their  "evacuate” 
positions.  Evacuate  the  flask  to  at  least  3 
lncbe3  Hg  absolute  pressure.  Turn  *he  pump 
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valve  to  its  "vent”  position  and  turn  off  the 
pump.  Check  the  manometer  for  any  fluctu¬ 
ation  In  the  mercury  level.  If  there  la  a  visi¬ 
ble  change  over  the  span  of  one  minute, 
check  for  leaks.  Record  the  Initial  volume, 
temperature,  and  barometric  pressure.  Turn 
the  flask  valve  to  Its  "purge"  position,  and 
then  do  the  same  with  the  pump  valve. 
Purge  the  probe  and  the  vacuum  tube  U3lng 
the  squeeze  bulb.  If  condensation  occurs  In 
the  probe  and  flask  valve  area,  heat  the  probe 
and  purge  until  the  condensation  disappears. 
Then  turn  the  pump  valve  to  Its  "vont"  posi¬ 
tion.  Turn  the  flask  valve  to  lt3  "sample” 
position  and  allow  sample  to  enter  the  flask 
for  about  15  seconds.  After  collecting  the 
sample,  turn  the  flask  valve  to  Its  "purge" 
position  and  disconnect  the  flask  from  the 
sampling  train.  Shake  the  flask  for  5 
minutes. 

4.2  Sample  recovery. 

4.2.1  Let  the  flask  set  for  a  minimum  of 
10  hours  and  then  shake  the  contents  for  2 
minutes.  Connect  the  flask  to  a  mercury 
filled  U-tube  manometer,  open  the  valve 
from  the  flask  to  the  manometer,  and  record 
tho  flask  pressure  and  temperature  along 
with  tho  barometric  pressure.  Transfer  the 
flask  contents  to  a  container  for  shipment 
or  to  a  250  ml.  beaker  for  analysis.  Rinse  the 
flask  with  two  portions  of  distilled  water 
(approximately  10  ml.)  and  add  rinse  water 
to  the  sample.  For  a  blank  use  25  ml.  of  ab¬ 
sorbing  solution  and  the  same  volume  of  dis¬ 
tilled  water  as  used  In  rinsing  the  flask.  Prior 
to  shipping  or  analysis,  add  sodium  hydrox¬ 
ide  (IN)  dropwise  Into  both  the  sample  and 
the  blank  until  alkaline  to  lltmua  paper 
(about  25  to  35  drops  In  each) . 

4.3  Analysis. 

4.3.1  If  the  sample  has  been  shipped  In 
a  container,  transfer  the  contents  to  a  250 
ml.  beaker  using  a  small  amount  of  distilled 


water.  Evaporate  the  solution  to  dryness  on  a 
steam  bath  and  then  cool.  Add  2  ml,  phenol- 
dlsulfonlc  acid  solution  to  the  dried  residue 
and  triturate  thoroughly  with  a  glass  rod. 
Make  sure  the  solution  oontacts  all  the  rtsl- 
due.  Add  1  ml.  distilled  water  and  four  drops 
of  concentrated  sulfuric  acid  Heat  the  solu¬ 
tion  on  a  steam  bath  for  3  minutes  with  oc¬ 
casional  stirring.  Cool,  add  20  ml.  distilled 
water,  mix  well  by  stirring,  and  add  concen¬ 
trated  ammonium  hydroxide  dropwise  with 
constant  stirring  until  alkaline  to  lltmua 
paper.  Transfer  the  solution  to  a  100  ml. 
volumetric  flask  and  wash  the  beaker  three 
times  with  4  to  5  ml.  portions  of  distilled 
water.  Dilute  to  the  mark  and  mix  thor¬ 
oughly.  If  the  sample  contains  solids,  trans¬ 
fer  a  portion  of  the  solution  to  a  clean,  dry 
centrifuge  tube,  and  centrifuge,  or  filter  a 
portion  of  the  solution.  Measure  the  absorb¬ 
ance  of  each  sample  at  430  run.  using  the 
blank  solution  as  a  zero.  Dilute  the  sample 
and  the  blank  with  a  suitable  amount  of 
distilled  water  If  absorbance  falls  outside  the 
range  of  calibration. 

5.  Calibration. 

5.1  Flask  volume.  Assemble  the  flask  and 
flask  valve  and  fill  with  water  to  the  stop¬ 
cock.  Measure  the  volume  of  water  to  ±10 
ml.  Number  and  record  the  volume  on  the 
flask. 

6.2  Spectrophotometer.  Add  0.0  to  10.0  ml. 
of  standard  solution  to  a  series  of  beakers.  To 
each  beaker  add  25  ml.  of  absorbing  solution 
and  add  sodium  hydroxide  (IN)  dropwise 
until  alkaline  to  litmus  paper  (about  25  to 
35  drops).  Follow  the  analysis  procedure  of 
section  4.3  to  collect  enough  data  to  draw  a 
calibration  curve  of  concentration  In  ng.  NOi 
per  sample  versus  absorbance. 

6.  Calculations. 

6.1  Sample  volume. 


T>tll(  V,— V, 
P 


-  (ft-fiM'”1  *)(?[-?()  Equation  7-1 


where: 

V..- Sample  volume  at  standard  condi¬ 
tions  (dry  basis),  ml. 

TJf4-»  Absolute  temperature  at  standard 
conditions,  530*  R. 

P#t4~  Pressure  at  standard  conditions, 
29.92  Inches  Hg. 

Vf  — Volume  of  flask  and  valve,  ml. 

Volume  of  absorbing  solution,  25  ml. 


Pf~  Final  absolute  pressure  of  flask. 
Inches  Hg. 

P,-*  Initial  absolute  pressure  of  flask, 
Inches  Hg. 

T,«- Final  absolute  temperature  of  flask. 

eR. 

Tf—  Initial  absolute  temperature  of  flask. 
•R. 

6.2  Sample  concentration.  Read  fig.  NO, 
for  each  sample  from  the  plot  of  Ag.  NO, 
versus  absorbance. 


equation  7-2 


where: 

C-- Concentration  of  NO,  as  NOa  (dry 
basis) ,  lb./s.c.f. 

m  — Macs  of  NO,  In  gas  sample,  fig. 

“ Sample  volume  at  standard  condi¬ 
tions  (dry  basis),  ml 
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METHOD  8 — DETERMINATION  O T  BUT-FUMC  ACID 

MIST  AND  SULFUR  DIOXIDE  EMISSIONS  FROM 

STATION  ART  SOURCES 

1.  Principle  and.  applicability. 

1.1  Principle.  A  ga3  sample  Is  extracted 
from  a  sampling  point  In  the  stack  and  the 
acid  mist  Including  3Ulfur  trioxlde  13  sepa¬ 
rated  from  sulfur  dioxide.  Both  fractions  are 
measured  separately  by  the  barlum-thorln 
titration  method. 

1.2  Applicability.  This  method  Is  applica¬ 
ble  to  determination  of  sulfuric  acid  ml3t 
(Including  sulfur  trioxlde)  and  sulfur  diox¬ 
ide  from  stationary  sources  only  when  spe¬ 
cified  by  the  te3t  procedures  for  determining 
compliance  with  the  New  Source  Perform¬ 
ance  Standards. 

2.  Apparatti* 

2.1  Sampling.  See  Figure  B-l.  Many  of 
the  design  specifications  of  this  sampling 
train  are  described  In  APTD-0581. 


2.1.1  Nozzle — Stainless  steel  (316)  with 
sharp,  tapered  leading  edge. 

2.1.2  Probe — Pyrex  1  glass  with  a  heating 
system  to  prevent  visible  condensation  dur¬ 
ing  sampling. 

2.1.3  Pitot  tube — Type  8,  or  equivalent, 
attached  to  probe  to  monitor  stack  gas 
velocity. 

2.1.4  Filter  holder — Pyrex1  glass, 

2.1 .6  Implngers — Four  as  shown  in  Figure 
8—1.  The  first  and  third  are  of  the  Greenburg- 
Sralth  design  with  standard  tip.  The  second 
and  fourth  are  of  the  Green burg-Smlth  de¬ 
sign,  modified  by  replacing  the  standard  tip 
with  a  -inch  ID  glass  tube  extending  to 
one-half  inch  from  the  bottom  of  the  lm- 
plnger  flask.  Similar  collection  systems, 
which  have  been  approved  by  the  Adminis¬ 
trator,  may  be  used. 

2.1.6  Metering  system — Vacuum  gauge, 
leak-free  pump,  thermometers  capable  of 
measuring  temperature  to  within  6*  F.,  dry 
gas  meter  with  2%  accuracy,  and  related 
equipment,  or  equivalent,  as  required  to 
maintain  an  Isokinetic  sampling  rate  and 
to  determine  sample  volume. 

2  1.7  Barometer — To  measure  atmospheric 
pressure  to  ±0.1  inch  Hg. 


1  Trade  name. 


Figure  8-1,  Sulfuric  acid  mist  sampling  train. 
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2.2  Sample  recovery. 

2J3.1  Wash  bottlos — Two. 

2.2.2  Graduated  cylinders — 250  ml.,  600 
ml. 

2.2.3  Glass  sample  storage  containers. 

2.2.4  Graduated  cylinder — 250  ml. 

2.3  Analysis, 

2.3.1  Pipette — 25  ml..  100  ml. 

2.3.2  Burette — 50  ml. 

2.3.3  Erlenmeyer  flask — 250  ml. 

2.3.4  Graduated  cylinder — 100  ml. 

2.3.6  Trip  balance — 300  g.  capacity,  to 
measure  to  ±0.05  g. 

2.3.6  Dropping  bottle — to  add  indicator 
solution. 

3.  Reagents. 

3.1  Sampling. 

3.1.1  Filters — Glass  fiber,  MSA  type  1106 
BH,  or  equivalent,  of  a  suitable  size  to  fit 
in  the  filter  holder. 

3.1.2  811  lea  gel — Indicating  type,  6-16 
mesh,  dried  at  175*  C.  (350*  F.)  for  2  hours. 

3.1.3  Water — Deionized,  distilled. 

3.1.4  Isopropanol,  80% — Mix  800  ml.  of 
isopropanol  with  200  ml.  of  deionized,  dis¬ 
tilled  water. 

3.1.5  Hydrogen  peroxide,  3% — Dilute  100 
ml.  of  30%  hydrogen  peroxide  to  1  liter  with 
deionized,  distilled  water. 

3.1.6  Crushed  Ice. 

3J2  Samplo  recovery. 

3.2.1  Water — Deionized,  distilled. 

3.2.2  Isopropanol,  80%. 

3.3  Analysis. 

3.3.1  Water — Deionized,  distilled. 

3.3  2  Isopropanol. 

3.3.3  Thorln  Indicator — l-(o-arsonophen- 
ylazo)-2-naphthol-3.  6-dlsulfonlc  acid,  dl- 
eodlum  salt  (or  equivalent).  Dissolve  0.20  g. 
In  100  ml.  distilled  water. 

3.3.4  Barium  perchlorate  (0.01N) — Dis¬ 
solve  1.95  g.  of  barium  perchlorate  fBa 
(CD4),-3  H,OJ  In  200  ml.  distilled  water  and 
dilute  to  1  liter  with  Isopropanol.  Standardize 
with  sulfuric  acid. 

3.3.5  Sulfuric  acid  standard  (0.01N)  — 
Purchase  or  standardize  to  ±  0.0002  N  against 
0.C1  N  NaOH  which  has  previously  been 
standardized  against  primary  standard  po¬ 
tassium  acid  phthalate. 


4.  Procedure . 

4.1  Sampling. 

4.1.1  After  selecting  the  sampling  site  and 
the  minimum  number  of  sampling  points, 
determine  the  stack  pressure,  temperature, 
moisture,  and  range  of  velocity  head. 

4.1.2  Preparation  of  collection  train. 
Place  100  ml.  of  80%  Isopropanol  In  the  first 
Implnger,  100  ml.  of  3%  hydrogen  peroxide  In 
both  the  second  and  third  Impingers,  and 
about  200  g.  of  silica  gel  In  the  fourth  lm- 
plnger.  Retain  a  portion  of  the  reagent*  for 
use  as  blank  solutions  Assemble  the  train 
without  the  probe  as  shown  In  Figure  8-1 
with  the  filter  between  the  first  and  second 
impingers.  Leak  check  the  sampling  train 
at  the  sampling  site  by  plugging  the  Inlet  to 
the  first  Implnger  and  pulling  a  15-lnch  Hg 
vacuum.  A  leakage  rate  not  In  excess  of  0.02 
cSsa.  at  a  vacuum  of  15  Inches  Hg  Is  ac¬ 
ceptable.  Attach  the  probe  and  turn  on  the 
probe  heating  system.  Adjust  the  probe 
heater  setting  during  sampling  to  prevent 
any  visible  condensation.  Place  crushed  Ice 
around  the  Impingers.  Add  more  Ice  during 
the  run  to  keep  the  temperature  of  the  gase^ 
leaving  the  lost  Implnger  at  70*  F.  or  less. 

4.1.3  Train  operation.  For  each  run,  re¬ 
cord  the  data  required  on  tbe  example  sheet 
shown  In  Figure  8-2.  Take  readings  at  each 
sampling  point  at  least  every  6  minutes  and 
when  significant  changes  In  stack  conditions 
necessitate  additional  adjustments  In  flow 
rate.  To  begin  sampling,  position  the  nozzle 
at  the  first  traverse  point  with  the  tip  point¬ 
ing  directly  Into  the  gas  stream.  Start  the 
pump  and  Immediately  adjust  the  flow  to 
Isokinetic  conditions.  Maintain  Isokinetic 
sampling  throughout  the  sampling  period. 
Nomographs  are  available  which  aid  In  the 
rapid  adjustment  of  the  sampling  rate  with¬ 
out  other  computations.  APTD-0576  detail* 
the  procedure  for  using  these  nomographs. 
At  the  conclusion  of  each  run,  turn  off  the 
pump  and  record  the  final  readings.  Remove 
the  probe  from  the  stack  and  disconnect  It 
from  the  train.  Drain  the  ice  bath  and  purge 
the  remaining  part  of  the  train  by  drawing 
clean  ambient  air  through  the  system  for  15 
minutes. 
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4.2  Sample  recovery. 

4.2.1  Transfer  the  Isopropanol  from  the 
first  lmplnger  to  a  250  ml.  graduated  cylinder. 
Rinse  the  probe,  first  lmplnger,  and  all  con¬ 
necting  glassware  before  the  filter  with  80% 
Isopropanol.  Add  the  rinse  solution  to  the 
cylinder.  Dilute  to  250  ml.  with  80%  tsopro- 
panol.  Add  the  filter  to  the  solution,  mix. 
and  transfer  to  a  suitable  storage  container 
Transfer  the  solution  from  the  second  and 
third  lmplngers  to  a  600  ml.  graduated  cyl¬ 
inder.  Rinse  all  glassware  between  the  filter 
and  silica  gel  lmplnger  with  deionized,  dis¬ 
tilled  water  and  add  this  rinse  water  to  the 
cylinder.  Dilute  to  a  volume  of  500  ml.  with 
deionized,  distilled  water.  Transfer  the  solu¬ 
tion  to  a  suitable  storage  container. 

4.3  AnalysU. 

4.3.1  Shake  the  container  holding  lso- 
propanol  and  the  filter.  If  the  filter  hreaks 
up,  allow  the  fragments  to  settle  for  a  few 
minutee  hefore  removing  a  sample.  Pipette 
a  100  ml.  aliquot  of  sample  Into  a  250  ml. 
Erlenmeyer  flask  and  add  2  to  4  drops  of 
thorln  Indicator.  Titrate  the  sample  with 


barium  perchlorate  to  a  pink  end  point.  Make 
sure  to  record  volumes.  Repeat  the  titra¬ 
tion  with  a  second  aliquot  of  sample.  Shake 
the  container  holding  the  contents  of  the 
second  and  third  lmplngers.  Pipette  a  25  ml. 
aliquot  cf  sample  Into  a  250  ml.  Erlenmeyer 
flask.  Add  100  ml.  of  laopropanol  and  2  to  4 
drops  of  thorln  Indicator.  Titrate  the  sample 
with  harlum  perchlorate  to  a  pink  end  point. 
Repeat  the  titration  with  a  second  aliquot  of 
sample.  Titrate  the  blanks  In  the  same 
manner  as  the  samples. 

5.  Calibration. 

5.1  Use  standard  methods  and  equipment 
which  have  been  approved  by  the  Adminis¬ 
trator  to  calibrate  the  orifice  meter,  pitot 
tube,  dry  gas  metei,  uiid  probe  heater. 

52  Standardize  the  barium  perchlorate 
with  25  ml.  of  standard  sulfuric  acid  con¬ 
taining  100  ml.  of  laopropanol. 

6  Calculations. 

6.1  Dry  gas  volume.  Correct  the  sample 
volume  measured  by  the  dry  gas  meter  to 
standard  conditions  (70*  F..  29.02  Inches  Hg) 
by  using  Equation  8-1. 

°R  \v  /Pb*r+f3l>\ 
in.  Hg/ V“\  T„  / 

equation  8-1 

Vm— Volume  of  gas  sample  through  the 
dry  gas  meter  (meter  condi¬ 
tions)  ,  cu.  ft. 


/T.*, 

At, 


■( 


17.71 


rhero: 

V«lU— Volume  of  gas  sample  through  the 
dry  gas  meter  (standard  condi¬ 
tions)  ,  cu.  ft. 
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T-l4—  Absolute  temperature  at  standard  AH— Pressure  drop  across  the  orifice 

conditions,  530°  R.  meter.  Inches  HaO. 

T,,- Average  dry  gns  meter  temperature,  13.6— Specific  gravity  of  mercury. 

■R.  P-t4— Absolute  pressure  at  standard  con 

Pb#r—  Barometric  pressure  at  the  orifice  dltlons,  29.92  Inches  Hg. 

meter,  inches  Hg.  6.2  Sulfuric  acid  concentration. 


CHlso4=  (l.08X 

CHfsoi—  Concentration  of  sulfuric  acid 
at  standard  conditions,  dry 
basis,  lb./cu.  ft. 

1.08 X 10-*—  Conversion  factor  including  the 
number  of  grams  per  gram 
equivalent  of  sulfuric  acid 
(49  g./g.-eq.) ,  453.6  g./lb.,  and 
1,000  ml./l.,  lb.-l./g.-ml. 

Vt  —  Volume  of  barium  perchlorate 
titrant  used  for  the  sample, 
ml. 

Vtfc— Volume  of  barium  perchlorate 
titrant  used  for  the  blank,  ml. 


(V,-Vlb)(N)(^-“) 

Vm.td  equation  8-2 

N—  Normality  of  barium  perchlorate 
titrant,  g.-eq./l. 

V.,u—  Total  solution  volume  of  sul¬ 
furic  acid  (first  lmplnger  and 
filter) ,  ml. 

V^— Volume  of  sample  aliquot  ti¬ 
trated,  ml. 

V«.m“  Volume  of  gas  sample  through 
the  dry  gas  meter  (standard 
conditions) ,  cu.  ft.,  see  Equa¬ 
tion  8-1. 

6.3  Sulfur  dioxide  concentration. 


=(7.0; 


05X10-* 


lb.-l. 

g.-ml 


.) 


(V,-V,b)(N)(-^=) 


There: 

Cso,— Concentration  of  sulfur  dioxide 
at  standard  conditions,  dry 
basis,  lb./cu.  ft. 

7.05 X 10-* 1 2 * * * * * 8— Conversion  factor  Including  the 
number  of  grams  per  gram 
equivalent  of  sulfur  dioxide 
(32  g./g.-eq.)  453.6  g./lb.,  and 
1,000  ml./l.,  lb.-l./g.-ml. 

V4  — Volume  of  barium  perchlorate 
titrant  used  for  the  sample, 
ml. 

Vtfc“ Volume  of  barium  perchlorate 
titrant  used  for  the  blank,  ml. 

N—  Normality  of  barium  perchlorate 
titrant,  g.-eq./l. 

V-ol>™  Total  solution  volume  of  sulfur 
dioxide  (second  and  third  lm- 
plngers) ,  ml. 

V,-~  Volume  of  sample  aliquot  ti¬ 
trated,  ml. 

Volume  of  gas  sample  through 
the  dry  gas  meter  (standard 
conditions),  cu.  ft.,  see  Equa¬ 
tion  8— X. 
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METHOD  9 - VISUAL  DETERMINATION  Of  THE 

OPACITT  OF  EMISSIONS  FROM  5TATIONAR7 

SOURCES 

1.  Principle  and  applicability. 

1.1  Principle.  The  relative  opacity  of  an 
emission  from  a  stationary  source  Is  de¬ 
termined  visually  by  a  qualified  observer 

1.2  Applicability.  This  method  is  appli¬ 
cable  for  the  determination  of  the  relative 
opacity  of  visible  emissions  from  stationary 
sources  only  when  specified  by  test  proce¬ 
dures  for  determining  compliance  with  the 
New  Source  Performance  Standards. 

2.  Procedure. 

2  1  The  qualified  observer  stands  at  ap¬ 

proximately  two  stack  heights,  but  not  more 
than  a  quarter  of  a  mile  from  the  base  of 

the  stack  with  the  sun  to  his  back.  From  t 
vantage  point  perpendicular  to  the  plume 

the  observer  studies  the  point  of  greatest 
opacity  in  the  plume.  The  data  required  in 
Figure  9-1  Is  recorded  every  15  to  30  seconds 

to  the  nearest  5%  opacity.  A  minimum  of  23 

readings  is  taken 
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3.  Qualifications 

3  1  To  certify  as  an  observer,  a  candidate 
must  complete  a  smokereading  course  con¬ 
ducted  by  EPA,  or  equivalent;  In  order  to 
certify  the  candidate  must  assign  opacity 
readings  In  5%  Increments  to  25  different 
black  plumes  and  25  different  white  plumes, 
with  an  error  not  to. exceed  15  percent  on 
any  one  reading  and  an  average  error  not  to 
exceed  7.5  percent  In  each  category.  The 
smoke  generator  used  to  qualify  the  ob¬ 
servers  must  be  equipped  with  a  calibrated 
smoke  Indicator  or  light  transmission  meter 
located  in  the  source  stack  If  the  smoke 


generator  Is  to  determine  the  actual  opacity 
of  the  emissions.  All  quail  fled  observers  must 
pass  this  test  every  6  months  In  order  to 
remain  certified. 

4.  Calculations. 

4. 1  Determine  the  average  opacity. 

5.  References. 

Air  Pollution  Control  District  Rules  and 
Regulations.  Los  Angeles  County  Air  Pollu¬ 
tion  Control  District,  Chapter  2,  Schedule  0. 
Regulation  4.  Prohibition,  Rule  60.  17  p. 

Kudluk,  Rudolf,  Rlngelmann  Smoke  Chart. 
C.S.  Department  of  Interior,  Bureau  of  Mines, 
Information  Circular  No.  8333,  May  1967. 
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Figure  9-1.  Field  daia. 


Method  10 — Determination  of  Carbon  Mon¬ 
oxide  Emissions  from  Stationary  Sources 

1.  Principle  and  Applicability. 

1.1  Principle.  An  Integrated  or  continuous 
gas  sample  Is  extracted  from  a  sampling  point 
ard  analyzed  for  carbon  monoxide  (CO)  con¬ 
tent  using  a  Luft-type  nondlsperslve  Infra¬ 
red  analyzer  (NDIR)  or  equivalent. 

1.2  Applicability.  This  method  Is  appli¬ 
cable  for  the  determination  of  carbon  mon¬ 
oxide  emissions  from  stationary  sources  only 
when  specified  by  the  test  procedures  for 


determining  compliance  with  new  source 
performance  standards.  The  test  procedure 
will  Indicate  whether  a  continuous  or  an 
Integrated  sample  Is  to  be  used. 

2.  Range  and  sensitivity. 

2.1  Range.  0  to  L000  ppm. 

2.2  Sensitivity.  Minimum  detectable  con¬ 
centration  Is  20  ppm  for  a  0  to  1,000  ppm 
span. 

3.  Interferences.  Any  substance  having  a 
strong  absorption  of  Infrared  energy  will 
Interfere  to  some  extent.  For  example,  dis¬ 
crimination  ratios  for  water  (HfO)  and  car- 
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bon  dioxide  (CO,)  are  3.5  percent  H,0  per 
7  ppm  CO  and  10  percent  CO,  per  10  ppm 
CO,  respectively,  for  devices  measuring  In  the 
1,500  to  3,000  ppm  range.  For  devices  meas¬ 
uring  In  the  0  to  100  ppm  range,  Interference 
ratios  can  be  as  high  as  3  5  percent  HaO  per 
25  ppm  CO  and  10  percent  CO,  per  50  ppm 
CO.  The  use  of  silica  gel  and  ajcarlte  traps 
will  alleviate  the  major  Interference  prob¬ 
lems.  The  measured  gas  volume  must  be 
corrected  If  these  traps  are  used. 

4.  Precision  and  accuracy . 

4.1  Precision.  The  precision  of  most  NDIR 
analyzers  Is  approximately  ±2  percent  of 
span. 

4.2  Accuracy.  The  accuracy  of  most  NDIR 
analyzers  Is  approximately  ±5  percent  of 
span  after  calibration. 

5.  Apparatus. 

5.1  Continuous  sample  (Figure  10-1). 

5.1.1  Probe.  Stainless  steel  or  sheathed 
Pyrex  1  glass,  equipped  with  a  filter  to  remove 
particulate  matter. 

5.1.2  Air-cooled  condenser  or  equivalent. 
To  remove  any  excess  moisture. 

5.2  Ir tegrated  sample  (Figure  10-2). 

5.2.1  Probe.  Stainless  steel  or  sheathed 
Pyrex  glass,  equipped  with  a  filter  to  remove 
particulate  matter. 

6.2.2  Afr-cooZed  condenser  or  equivalent. 
'J  o  remove  any  excess  moisture. 

6-2.3  Valve.  Needle  valve,  or  equivalent,  to 
to  adjust  flow  rate. 

6  2.4  Pump.  Leak-free  diaphragm  type,  or 
equivalent,  to  transport  gas. 

5.2.5  Rate  meter.  Rotameter,  or  equivalent, 
to  measure  a  flow  range  from  0  to  1.0  liter 
pe*  min  (0.035  cfm) . 

5.7.6  Flexible  bag.  Tedlar,  or  equivalent, 
with  a  capacity  of  60  to  90  liters  (2  to  3  ft  *) . 
Leak-test  the  bag  In  the  laboratory  before 
using  by  evacuating  bag  with  a  pump  fol¬ 
lowed  by  a  dry  gas  meter.  When  evacuation 
Is  complete,  there  should  be  no  flow  through 
the  meter. 

5.1<.7  Pitot  tube.  Type  S,  or  equivalent,  at¬ 
tached  to  the  probe  so  that  the  sampling 
rate  can  be  regulated  proportional  to  the 
stack  gas  velocity  when  velocity  Is  varying 
with  the  time  or  a  sample  traverse  Is  con¬ 
ducted. 

6.3  Analysis  (Figure  10-3). 

5.3.1  Carbon  monoxide  analyser.  Nondlsper- 
slve  Infrared  spectrometer,  or  equivalent. 
This  instrument  should  be  demonstrated, 
preferably  by  the  manufacturer,  to  meet  or 
exceed  manufacturer's  specifications  and 
those  described  In  this  method. 

6.3.2  Drying  tube.  To  contain  approxi¬ 
mately  200  g  of  silica  gel. 

5.3.3  Calibration  gas  Refer  to  paragraph 

6.1. 

5.3.4  Filter.  As  recommended  by  NDIR 
manufacturer. 


1  Mention  of  trade  names  or  specific  prod¬ 
ucts  does  not  constitute  endorsement  by  the 
Environmental  Protection  Agency. 


5.3.5  C02  removal  tube.  To  contain  approxi¬ 
mately  600  g  of  ascarlte. 

5  3.6  Ice  v)ater  bath.  For  ascarlte  and  silica 
gel  tubes. 

5.3  7  Valve.  Needle  valve,  or  equivalent,  to 
adjust  flow  rate 

6  3.8  Rate  meter.  Rotameter  or  equivalent 
to  measure  gas  flow  rate  of  0  to  1.0  liter  per 
min  (0.035  cfm)  through  NDIR. 

5  3.9  Recorder  (optional) .  To  provide  per¬ 
manent  record  of  NDIR  readings 

6  Reagents. 

6  1  Calibration  gases  Known  concentration 
of  CO  in  nitrogen  (N*)  for  Instrument  span, 
prepurified  grade  of  N2  for  zero,  and  two  addi¬ 
tional  concentrations  corresponding  approxi¬ 
mately  to  60  percent  and  30  percent  span.  The 
span  concentration  shall  not  exceed  1  5  times 
the  applicable  source  performance  standard. 
The  calibration  gases  shall  be  certified  by 
the  manufacturer  to  be  within  +2  percent 
of  the  specified  concentration. 
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6.2  Silica  gel.  Indicating  type,  9  to  18  mesh, 
dried  at  175*  C  (347®  F)  for  2  hours. 

0.3  Ascarite.  Commercially  available 

7.  Procedure 

7.1  Sainpling. 

7.1.1  Continuous  sampling.  Set  up  the 
equipment  as  shown  in  Figure  10-1  making 
sure  all  connections  are  leak  free.  Place  the 
probe  in  the  stack  at  a  sampling  point  and 
purge  the  sampling  iipe.  Connect  the  ana¬ 
lyzer  and  begin  drawing  sample  Into  the 
analyzer.  Allow  6  minutes  for  the  system 
to  stabilize,  tven  record  the  analyzer  read¬ 
ing  as  required  by  the  test  procedure.  (See 
If  7.2  and  8).  COa  content  of  the  gas  may  be 
determined  by  using  the  Method  3  Inte¬ 
grated  sample  procedure  (36  FR  24885),  or 
by  weighing  the  ascarite  CO,  removal  tube 
and  computing  CO,  concentration  from  the 
gas  volume  sampled  and  the  weight  gain 
of  the  tube. 

7.1.2  Integrated  sampling.  Evacuate  the 
flexible  bag.  Set  up  the  equipment  as  shown 
In  Figure  10-2  with  the  bag  disconnected 
Place  the  probe  In  the  stack  and  purge  the 
sampling  line.  Connect  the  bag,  making  sure 
that  all  connections  are  leak  free.  Sample  at 
a  rate  proportional  to  the  stack  velocity. 
CO,  content  of  the  gas  may  be  determined 
by  using  the  Method  3  integrated  sample 


procedures  (39  FR  24886),  or  by  weighing 
the  ascarite  C02  removal  tube  and  comput¬ 
ing  CO,  concentration  from  the  gas  volume 
sampled  and  the  weight  gain  of  the  tube. 

7.2  CO  Analysis.  Assemble  the  apparatus  as 
shown  In  Figure  10-3,  calibrate  the  lnstru- 
me  it,  and  perform  other  required  operations 
as  described  in  paragraph  8.  Purge  analyzer 
with  Nj  prior  to  introduction  of  each  sample. 
Direct  the  sample  stream  through  the  Instru¬ 
ment  for  the  test  period,  recording  the  read¬ 
ings.  Check  the  zero  and  span  again  after  the 
test  to  assure  that  any  drift  or  malfunction 
is  detected.  Record  the  sample  data  on  Table 
10-1. 

8.  Calibration.  Assemble  the  apparatus  ac¬ 
cording  to  Figure  10-3.  Generally  an  Instru¬ 
ment  requires  a  warm-up  period  before  sta¬ 
bility  is  obtained.  Follow  the  manufacturer’s 
instructions  for  specific  procedure.  Allow  a 
minimum  time  of  one  hour  for  warm-up. 
During  this  time  check  the  sample  condi¬ 
tioning  apparatus,  l.e.,  Alter,  condenser,  dry¬ 
ing  tube,  and  COj  removal  tube,  to  ensure 
that  each  component  is  in  good  operating 
condition.  Zero  and  calibrate  the  Instrument 
according  to  the  manufacturer’s  procedures 
using,  respectively,  nitrogen  and  the  calibra¬ 
tion  gases. 


Table  10-1. — Field  data 


Location _  Comments: 

Test . - . 

Date  _ 

Operator . . . 


Clock  time 

Rotameter  setting,  liters  per  minute 
(cubic  feet  per  minute) 

9.  Calculation — Concentration  of  carbon  monoxide.  Calculate  the  concentration  of  carbon 
monoxide  In  the  stack  using  equation  10-1. 


Cco,Uck  -  CcoNDIR(l  ~  F  co,)  equation  10-1 

where : 


Cco#tm,  )k  =  concentration  of  CO  in  stack,  ppm  by  volume  (dry  basis). 

CcoNDiR”concentra^on  CO  measured  by  NDIR  analyzer,  ppm  by  volume  (dry 
basis). 

F Co* ~ volume  fraction  of  CO2  in  sample,  i.c.,  percent  CO2  from  Orsat  analysis 
divided  by  100. 
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Addenda 


A  Performance  Specifications  for  NDIR  Carbon  Monoxide  Analyzers, 


Range  (minimum) _ 

Output  (minimum) - 

Minimum  detectable  sensitivity.- 
Rise  time,  90  percent  (maximum) 
Fall  time,  90  percent  (maximum) 

Zero  drift  (maximum) _ 

Span  drift  (maximum) _ 

Precision  (minimum) _ 

Noise  (maximum) - 

Linearity  (maximum  deviation).. 
Interference  rejection  ratio - 


O-lOOOppm. 

0-10mV, 

20  ppm. 

30  seconds. 

30  seconds. 

10%  in  8  hours 
10%  In  8  hours. 

±  2%  of  full  scale. 

±  1%  of  full  scale. 

2%  of  full  scale. 

CO2— 1000  to  1,  H20— 500  to  1 


B.  Definitions  of  Performance  Specifica¬ 
tions. 

Range — The  minimum  and  maximum 
measurement  limits. 

Output — Electrical  signal  which  Is  propor¬ 
tional  to  the  measurement;  Intended  for  con¬ 
nection  to  readout  or  data  processing  devices. 
Usually  expressed  as  millivolts  or  mllllamps 
iull  scale  at  a  given  Impedance. 

Full  scale — The  maximum  measuring  limit 
for  a  given  range. 

Minimum  detectable  sensitivity — The 
smallest  amount  of  Input  concentration  that 
can  be  detected  as  the  concentration  ap¬ 
proaches  zero. 

Accuracy — The  degree  of  agreement  be¬ 
tween  a  measured  value  and  the  true  value; 
usually  expressed  as  +  percent  of  full  scale. 

Time  to  90  percent  response — The  time  In¬ 
terval  from  a  step  change  In  the  Input  con¬ 
centration  at  the  Instrument  Inlet  to  a  read¬ 
ing  of  90  percent  of  the  ultimate  recorded 
concentration. 

Rise  Time  (90  percent) — The  Interval  be¬ 
tween  initial  response  time  and  time  to  90 
percent  response  after  a  step  Increase  In  the 
Inlet  concentration. 

Fad  Time  (90  percent) — The  interval  be¬ 
tween  initial  response  time  and  time  to  90 
percent  response  after  a  step  decrease  In  the 
Inlet  concentration. 

Zero  Drift — The  change  In  Instrument  out¬ 
put  over  a  staged  time  period,  usually  24 
hours,  of  unadjusted  continuous  operation 
when  the  Input  concentration  Is  zero;  usually 
expressed  as  percent  full  scale. 

Span  Drift — The  change  In  Instrument  out¬ 
put  over  a  stated  time  period,  usually  24 
hours,  of  unadjusted  continuous  operation 
when  the  Input  concentration  Is  a  stated 
upscale  value;  usually  expressed  as  percent 
full  scale. 

Precisio?i — The  degree  of  agreement  be¬ 
tween  repeated  measurements  of  the  same 
concentration,  expressed  as  the  average  de¬ 
viation  of  the  single  results  from  the  mean. 


Noise — Spontaneous  deviations  from  a 
mean  output  not  caused  by  Input  concen¬ 
tration  changes. 

Linearity — The  maximum  deviation  be¬ 
tween  an  actual  Instrument  reading  and  the 
reading  predicted  by  a  straight  line  drawn 
between  upper  and  lower  calibration  points. 

METHOD  1  1 — DETERMINATION  OF  HYDROGEN  SUL¬ 
FIDE  EMISSIONS  FROM  STATIONARY  SOURCES 

1.  Principle  and  applicability. 

1.1  Principle.  Hydrogen  sulfide  (H,S)  Is 
collected  from  the  source  In  a  series  of  midget 
lmplngers  and  reacted  with  alkaline  cad¬ 
mium  hydroxide  ICd(OH),l  to  form  cad¬ 
mium  sulfide  (CdS).  The  precipitated  CdS 
Is  then  dissolved  In  hydrochloric  acid  and 
absorbed  In  a  known  volume  of  Iodine  solu¬ 
tion  The  Iodine  consumed  Is  a  measure  of 
the  H:S  content  of  the  gas.  An  implnger  con- 
talnlng  hydrogen  peroxide  Is  Included  to  re¬ 
move  SOa  as  an  Interfering  species. 

1.2  Applicability  This  method  Is  applica¬ 
ble  for  the  determination  of  hydrogen  sul¬ 
fide  emissions  from  stationary  sources  only 
when  Specified  by  the  test  procedures  for 
determining  compliance  with  the  new  source 
performance  standards. 

2.  Apparatus . 

2  1  Sampling  train. 

2  1.1  Sampling  line — 6-  to  7-mm  (Vi -inch) 
Teflon  1  tubing  to  connect  sampling  train  to 
sampling  valve,  with  provisions  for  heating 
to  prevent  condensation  A  pressure  reduc¬ 
ing  valve  prior  to  the  Teflon  sampling  line 
may  be  required  depending  on  sampling 
stream  pressure 

2.1.2  lmpingers — Five  midget  lmplngers, 
each  with  30-ml  capacity,  or  equivalent. 

2  1.3  Ice  bath  container — To  maintain  ab¬ 
sorbing  solution  at  a  constant  temperature. 

2  1.4  Silica  gel  drying  tube — To  protect 
pump  and  dry  gas  meter. 


1  Mention  of  trade  names  or  specific  prod¬ 
ucts  does  not  constitute  endorsement  by  the 
Environmental  Protection  Agency. 
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2  1.6  Needle  valve ,  or  equivalent — Stainless 
steel  or  other  corrosion  resistant  material,  to 
adjust  gas  flow  rate. 

2.1.0  Pump— Leak  free,  diaphragm  type,  or 
equivalent,  to  transport  gas.  (Not  required 
if  sampling  stream  under  positive  pressure  ) 

2.1.7  Dry  gas  meter — Sufficiently  accurate 
to  measure  sample  volume  to  within  1  per¬ 
cent. 

2.1.8  Rate  meter — Rotameter,  or  equivalent, 
to  measure  a  flow  rate  of  0  to  3  liters  per 
minute  (0  1  ft*/min). 

2  1.9  Graduated  cylinder — 25  ml. 

2.1.10  Barometer — To  measure  atmospheric 
pressure  within  ±2.5  mm  (0.1  In,)  Hg. 

2.2  Sample  Recovery. 

2.2.1  Sample  container — 500-ml  glass-stop¬ 
pered  iodine  flask. 

2.2.2  Pipette — 50-ml  volumetric  type. 

2.2.3  Beakers — 250  mi. 

2.2.4  Wash  bottle — Glass. 

2.3  Analysis. 

2.3.1  Flask — 500-ml  glass-stoppered  Iodine 
flask. 

2.3.2  Burette — One  60  ml. 

2.3.2  Flask — 125-mi  conical. 

3.  Reagents. 

3.1  Sampling. 

3.1.1  Absorbing  solution — Cadmium  hy¬ 
droxide  (Cd(OH),) — Mix  4.3  g  cadmium  sul¬ 
fate  hydrate  (3  CdS04.8Hp)  and  0.3  g  of 
sodium  hydroxide  (NaOH)  in  1  liter  of  dis¬ 
tilled  water  (H20) .  Mix  well. 

Note:  The  cadmium  hydroxide  formed  In 
this  mixture  will  precipitate  as  a  white  sus¬ 
pension  Therefore,  this  solution  must  be 
thoroughly  mixed  before  using  to  ensure  an 
even  distribution  of  the  cadmium  hydroxide. 

3.1.2  Hydrogen  peroxide ,  3  percent — Dilute 
30  percent  hydrogen  peroxide  to  3  percent 
as  needed.  Prepare  fresh  dally; 

3.2  Sample  recovery, 

3.2.1  Hydrochloric  acid  solution  (HCl) ,  10 
percent  by  weight — Mix  230  ml  of  concen¬ 
trated  HCl  (specific  gravity  1.19)  and  770  mi 
of  distilled  HaO. 

3.2.2  Iodine  solution ,  0.1  N — Dissolve  24  g 
potassium  iodide  (KI)  In  30  ml  of  distilled 
HO  In  a  1 -liter  graduated  cylinder.  Weigh 
12.7  g  of  resubllmed  iodine  (I,)  Into  a  weigh¬ 
ing  bottle  and  add  to  the  potassium  Iodide 
solution.  Shako  the  mixture  until  the  Iodine 
is  completely  dissolved.  Slowly  dilute  the  ho- 
lutlon  to  1  liter  with  distilled  HsO,  with 
swirling  Filter  the  solution,  If  cloudy,  and 
Btore  In  a  brown  glass-stoppered  bottle. 

3.2.3  Standard  iodine  solution ,  0.01  N — Di¬ 
lute  100  ml  of  the  0.1  N  Iodine  solution  In  a 
volumetric  flask  to  1  liter  with  distilled 
water. 

Standardize  dally  as  follows:  Pipette  25  ml 
of  the  0.01  N  iodine  solution  into  a  125-ml 
conical  flask.  Titrate  with  standard  0,01  N 
thiosulfate  solution  (see  paragraph  3,3.2)  un¬ 
til  the  solution  is  a  light  yellow.  Add  a  few 
drops  of  the  starch  solution  and  continue 
titrating  until  the  blue  color  Just  disap¬ 
pears.  From  the  results  of  this  titration,  cal¬ 
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culate  the  exact  normality  of  the  Iodine 
solution  (see  paragraph  5.1). 

3.2.4  Distilled,  deionized  water. 

3.3  Analysis. 

3.3  1  Sodium  thiosulfate  solution,  standard 
0.1  N — FOr  each  liter  of  solution,  dissolve 

24.8  g  of  sodium  thiosulfate  (NAjS^O,  ■  5H,0) 
In  distilled  water  and  add  0.01  g  of  anhydrous 
sodium  carbonate  (Na^CO,)  and  0,4  ml  of 
chloroform  (CHCi,)  to  stabilize.  Mix  thor¬ 
oughly  by  shaking  or  by  aerating  with  nitro¬ 
gen  for  approximately  15  minutes,  and  store 
In  a  glass-stoppered  glass  bottle. 

Standardize  frequently  as  follows:  Weigh 
Into  a  500-mi  volumetric  flask  about  2  g  of 
potassium  dichromate  (K2Cr2Of)  weighed 
to  the  nearest  milligram  and  dilute  to  the 
500-ml  mark  with  distilled  HaO.  Use  dl- 
chromate  which  has  been  crystallized  from 
distilled  water  and  oven-dried  at  182’C  to 
199*C  (360’F  to  390*F) .  DUsolve  approxi¬ 
mately  3  g  of  potassium  Iodide  (KI)  in  50  ml 
of  distilled  water  in  a  glass-stoppered,  600-ml 
conical  flask,  then  add  5  ml  of  20-percent 
hydrochloric  acid  solution.  Pipette  50  ml  of 
the  dlchromate  solution  into  this  mixture. 
Gently  swirl  the  solution  once  and  allow  It 
to  stand  in  the  dark  for  6  minutes.  Dilute 
the  solution  with  100  to  200  ml  of  distilled 
water,  washing  down  the  sides  of  the  flask 
with  part  of  the  water.  Swirl  the  solution 
slowly  and  titrate  with  the  thiosulfate  solu¬ 
tion  until  the  solution  Is  light  yellow.  Add 
4  ml  of  starch  solution  and  continue  with  a 
slow  titration  with  the  thiosulfate  until  the 
bright  blue  color  has  disappeared  and  only 
the  pale  green  color  of  the  chromic  Ion  re¬ 
mains,  From  this  titration,  calculate  the  ex¬ 
act  normality  of  the  sodium  thiosulfate  solu¬ 
tion  (see  paragraph  5  2) . 

3  3.2  Sodium  thiosulfate  solution,  standard 
0  01  N — Pipette  100  ml  of  the  standard  0.1  N 
thiosulfate  solution  Into  a  volumetric  flask 
and  dilute  to  one  liter  with  distilled  water. 

3.3.3  Starch  indicator  solution — Suspend 
10  g  of  soluble  starch  In  100  ml  of  distilled 
water  and  add  15  g  of  potassium  hydroxide 
pellets  Stir  unrii  dissolved,  dilute  with  900 
ml  of  distilled  water,  and  let  stand  1  hour. 
Neutralize  the  u”  .  with  concentrated  hy¬ 
drochloric  acid,  using  an  Indicator  paper 
similar  to  Alkacid  test  ribbon,  then  add  2  ml 
of  glacial  acetic  acid  as  a  preservative. 

Test  for  decomposition  by  titrating  4  ml  of 
starch  solution  in  200  ml  of  distilled  water 
with  0  01  N  Iodine  solution.  If  more  than  4 
drops  of  the  0.01  N  Iodine  solution  are  re¬ 
quired  to  obtain  the  blue  color,  make  up  a 
fresh  starch  solution. 

4.  Procedure. 

4.1  Sampling. 

41.1  Assemble  the  sampling  train  as  shown 
in  Figure  11-1,  connecting  the  five  midget 
impingers  in  series.  Place  15  ml  of  3  percent 
hydrogen  peroxide  in  the  first  lmpinger.  Place 
15  ml  of  the  absorbing  solution  in  each  of 
the  next  three  Impingers,  leaving  the  fifth 
dry.  Place  crushed  ice  around  the  Impingers. 
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Add  more  lcc  during  the  run  to  keep  the 
tamperature  of  the  gases  leaving  tho  Inst 
lmplnger  at  about  20*C  (70’F),  or  less. 

4.1.2  Purge  the  connecting  line  between 
tho  sampling  valve  and  the  first  lmplnger. 
Connect  the  sample  line  to  the  train  Record 
the  Initial  reading  on  the  dry  gas  meter  as 
shown  In  Table  11-1. 


Table  11-1. — Field  data 

Location _  Comments: 

Tt  si _ _ 

Date _ _ 

Operator _ 

Barometric  pressure __ 


Gas  volume 

Kotameter 

Clock 

through 

seiting,  Lpm 

Meter 

time 

meter  (v»). 

(cubic  feet 

temperature, 
o  C  (°  F) 

liters  (cubic 
feet) 

per  minute) 

4.1.3  Open  the  flow  control  valve  and  ad¬ 
just  the  sampling  rate  to  1.13  liters  per 
minute  (0.04  cfm) .  Read  the  meter  temper¬ 
ature  end  record  on  Table  11-1. 

4.1.4  Continue  sampling  a  minimum  of  10 
minutes.  If  the  yellow  color  of  cadmium  sul¬ 
fide  Is  visible  in  the  third  lmplnger,  analysis 
should  confirm  that  the  applicable  standard 
has  beer  exceeded  At  the  end  of  the  sample 
time,  close  the  flow  control  valve  and  read 
the  final  meter  volume  and  temperature. 

4.1.5  Disconnect  the  lmplnger  train  from 
the  sampling  line.  Purge  the  train  with  clean 
ambient  air  for  15  minutes  to  ensure  that  all 


H.S  is  removed  from  the  hydrogen  peroxide 
Cup  the  open  ends  and  move  to  the  sample 
clcan-up  area 

4.2  Sample  recovery . 

4  2.1  Pipette  50  ml  of  0  01  N  Iodine  solution 
Into  a  250-ml  beaker.  Add  50  rnl  of  10  percent 
HC1  to  the  solution.  Mix  well. 

4  2.2  Discard  the  contents  of  the  hydrogen 
peroxide  lmpinger.  Carefully  transfer  the  con¬ 
tents  of  the  remaining  four  lmplngers  to  a 
500-ml  Iodine  flask. 

4  2  3  Rinse  the  four  absorbing  lmplngers 
and  connecting  glassware  with  three  portions 
of  the  acidified  Iodine  solution.  Use  the  en¬ 
tire  100  ml  of  acidified  Iodine  for  this  pur¬ 
pose.  Immediately  after  pouring  the  acidified 
Iodine  Into  an  lmplnger,  stopper  It  and  shake 
for  a  few  moments  before  transferring  the 
rinse  to  the  Iodine  flask.  Do  not  transfer  any 
rinse  portion  from  one  lmpinger  to  another; 
transfer  it  directly  to  the  Iodine  flask.  Once 
acidified  Iodine  solution  has  been  poured  Into 
any  glassware  containing  cadmium  sulfide 
sample,  the  container  must  be  tightly  stop¬ 
pered  at  all  times  except  when  adding  more 
solution,  and  this  must  be  done  as  quickly 
and  carefully  as  possible  After  adding  any 
acidified  iodine  solution  to  the  Iodine  flask, 
allow  a  few  minutes  for  absorption  of  the  H2S 
Into  the  Iodine  before  adding  any  further 
rinses. 

4.2.4  Follow  this  rinse  with  two  more  rinses 
using  distilled  water  Add  the  distilled  water 
rinses  to  the  Iodine  flask.  Stopper  the  flask 
and  shake  well.  Allow  about  30  minutes  for 
absorption  of  the  H,S  Into  the  Iodine,  then 
complete  the  analysis  titration. 

Caution:  Keep  the  Iodine  flask  stoppered 
except  when  adding  sample  or  tltrant. 

4.2.5  Prepare  a  blank  In  an  Iodine  flask 
using  45  ml  of  the  absorbing  solution,  50  ml 
of  0.01  N  Iodine  solution,  and  50  ml  of  10 
percent  HC1,  Stopper  the  flask,  shake  well 
and  analyze  with  the  samples. 

4  3  Analysis. 

Note:  Tills  analysis  titration  should  be 
conducted  at  the  sampling  location  in  order 
to  prevent  loss  of  Iodine  from  the  sample. 
Titration  should  never  be  made  In  direct 
sunlight. 

4.3.1  Titrate  the  solution  In  the  flask  with 
0.01  N  sodium  thiosulfate  solution  until  the 
solution  Is  light  yellow.  Add  4  ml  of  the 
starch  Indicator  solution  and  continue 
titrating  until  the  blue  color  Just  disappears. 

4.3  2  Titrate  the  blanks  In  the  same  man¬ 
ner  as  the  samples 
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5.  Calculations. 

5.1  Normality  of  the  standard  iodine  solution. 


where : 


Ar/  = 


NtV  t 
Vj 


Ar/  =  normality  of  iodine,  g-eq/liter. 

Vj— volume  of  iodine  used,  ml. 

Nt— normality  of  sodium  thiosulfate,  g-eq/liter. 
Vr— volume  of  sodium  thiosulfate  used,  ml. 

5.2  Normality  of  the  standard  thiosulfate  Solution. 


W 

A^r  — 2.04 

where: 

TT— weight  of  K2CV207  used,  g. 

VY=  volume  of  NazSzOs  used,  ml. 

Nt— normality  of  standard  thiosulfate  solution,  g-eq/liter. 
2.04  =  conversion  factor 


equation  11-1 


equation  11-2 


_  (6  cq  It! mole  KtCr^O-j)  (1,000  ml/1) _ 

(294.2  g  /CjCYjCh/mole)  (10  aliquot  factor). 

5.3  Dry  gas  volume.  Correct  the  sample  volume  measured  by  the  dry  gas  meter  to 
standard  conditions  (21°C(70°F)j  and  760  mm  (29.92  inches)  Hg)  by  using  equation  11-3. 

V  —  V  (— td^  ( 

w‘td  n\TmJ  \l\tJ  equation  11-3 


where : 

Vm>td  =  volume  at  standard  conditions  of  gas  sample  through  the  dry  gas  meter, 


standard  liters  (sef). 

Vm— volume  of  gas  sample  through  the  dry  gas  meter  (meter  conditions),  liters 
(cu.  ft.). 

2\td  =  absolute  temperature  at  standard  conditions,  294°K  (530°R). 

Tm  —  average  dry  gas  meter  temperature,  °K  (°R). 

P,,ar= barometric  pressure  at  the  orifice  meter,  mm  Hg  (in.  Hg). 

PMd  =  absolute  pressure  at  standard  conditions,  760  mm  Hg  (29.92  in.  Hg). 

5.4  Concentration  of  H2S. — Calculate  the  concentration  of  H2S  in  the  gas  stream  at 
standard  conditions  using  equation  11-4: 

n  _K[(VtNi— V  tN  r)  nmvu— (V  rN  t— V  tN  r)bUokl 

oHj8== - - 

y  ".ta 

wheie  (metric  units) : 

Cr2s= concentration  of  I12S  at  standard  conditions,  mg/dsem 
K  -conversion  factor  =  17.0 X  101 

(34.07  g/mole  H2S)(  1,000  l/m*)(  1,000  mg/g) 

(1,000  ml/l)(2H2S  cq'mole) 

Vj—  volume  of  standaid  iodine  solution,  ml. 

Nj  —  normality  of  standard  iodine  solution,  g-eq/liter. 

Vj  —  volume  of  standard  sodium  thiosulfate  solution,  ml. 

Nt—  normality  of  standard  sodium  thiosulfate  solution,  g-eq/liter. 

Vm(itd  =  dry  gas  volume  at  standard  conditions,  liters. 

where  (English  units) : 


K  =  0.263  = 


17.0(15.43  gr/g) 
(1,000  1/m3) 


Vm>td  =  scf. 

CiijB^gr/dscf. 
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Method  101 — Reference  method  for  determi¬ 
nation  of  particulate  and  gaseous  mercury 
emissions  from  stationary  sources  (air 
streams) . 

Method  102 — Reference  method  for  determi¬ 
nation  of  particulate  and  gaseous  mercury 
emissions  from  stationary  sources  (hydro¬ 
gen  streams). 

Method  103 — Beryllium  screening  method. 
Method  104 — Reference  method  for  determi¬ 
nation  of  beryllium  emissions  from  sta¬ 
tionary  sources. 

Authority:  42  U.S.C.  1857C-7. 

Source:  38  FR  8826,  Apr.  6,  1973,  unless 
otherwise  noted. 

Subpart  A — Genera!  Provisions 

§  61.01  Applicability* 

The  provisions  of  this  part  apply  to 
the  owner  or  operator  of  any  stationary 
source  for  which  a  standard  Is  prescribed 
under  this  part. 

§  61.02  Definitions. 

As  used  in  this  part  all  terms  not  de¬ 
fined  herein  shall  have  the  meaning  given 
them  in  the  act: 

(a)  “Act”  means  the  Clean  Air  Act  (42 
U.S.C.  1857  et  seq.) . 

(b)  “Administrator”  means  the  Ad¬ 
ministrator  of  the  Environmental  Pro¬ 
tection  Agency  or  his  authorized  repre¬ 
sentative. 

(c)  “Alternative  method'’  means  any 
method  of  sampling  and  analyzing  for 
an  air  pollutant  which  is  not  a  reference 
method  or  an  equivalent  method  but 
which  has  been  demonstrated  to  the 
Administrator's  satisfaction  to  produce, 
in  specific  cases,  results  adequate  for 
his  determination  of  compliance. 

(d)  “Commenced”  means  that  an  own¬ 
er  or  operator  has  undertaken  a  con¬ 
tinuous  program  of  construction  or 
modification  or  that  an  owner  or  operator 
has  entered  into  a  contractual  obligation 
to  undertake  and  complete,  within  a  rea¬ 
sonable  time,  a  continuous  program  of 
construction  or  modification. 
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contrivance.  unloss  l  lie  uncontrolled  mean  it  »?. Missions  are 


'  (A)  To  a  source  which  is  presently  in  compliance  with 
paraguph  (d)  I  of  litis  section  and  which  has  cei  titled 
\\ii  compliance  to  ilie  Commissioner  by  time  I.  07  1 
Hie  (YniinUsiuiici  may  icqiicst  whatever  information  lie 
consider-;  necessary  lor  pn»poi  cer lifL'.ition. 

(B)  To  a  source  whose  owner  or  operator  submits  to 
the  Commissioner  by  June  1,  107  1  a  proposed  alternative 
schedule.  No  such  schedule  may  provide  for  compliance 
after  May  31,  1 7 7.  II  promulgated  by  the  Commissioner, 
sn*  h  schedule  shall  satisfy  the  requirements  ol  this  para 
graph  for  the  affected  source. 

(e)  Dry  Cleaning  Operation: 

(1)  No  person  shall  operate  a  dry  cleaning  operation 
using  oilier  than  pciclilorocthylenc,  I,  I,  l-tri- 
chloroelhaiK,l  or  saimaicJ  halogonaled  hydrocarbons  un¬ 
less  the  tmcontrollcd  organic  emissions  I  mill  such  opera¬ 
tion  are  reduced  at  least  K5  percent:  provided  that  dry 
cleaning  operations  omitting  less  than  three  pound*  per 
liont  and  less  than  IS  pounds  per  day  ol  uncontrolled 
oiyaiiic  maleiials  are  exempt  fiom  the  requirement  of  tni.-: 
sect  ion. 

(2)  If  incineration  is  used  as  a  control  lcehmqn*\  f>0 
percent  oi  more  of  tltc  carbon  in  the  organic  emissions 
being  incinerated  must  he  oxidized  to  carbon  dioxide. 

(3)  Any  owner  or  operator  of  a  source  subject  to  this 
section  shall  achieve  compliance  with  the  requirements  of 
paragraph  (I)  1  of  this  section  by  discontinuing  the  use 
ot  pholochcmieally  reactive  solvents  no  later  'Iran  April  I, 
l(>74  or  by  controlling  emissions  as  icquired  by  para¬ 
graphs  (I)  and  (2l  of  tins  section  no  latei  than  May  31, 
1075. 

(f)  Organic  Solvents: 

tl)  No  person  shall  discharge  into  the  atmosphere 
more  than  15  pounds  of  pliotoclnunicully  reactive  solvents 
in  any  one  day,  no  more  than  3  pounds  in  any  one  hour, 
from  any  article,  machine,  equipment  or  oil  a  -u?ii- 
vuticc,  unless  the  iiiKontrollcd  organic  cuts \*r.n«  hc  re¬ 
duced  by  at  least  *>5  percent. 

(2)  No  person  shall  discharge  into  the  ;>tmo  phere 
more  than  40  pounds  of  non  pholochemically  t-active 
solvents  in  any  one  day.  nor  more  than  S  pounds  in  any 
one  hour,  from  any  aiticlc.  machine,  equipment  oi  •  ther 


reduced  b>  at  least  S5  j>erctMi.  Dry  cl.-jmiu  npei  •  ri*>ns 
are  exempt  from  Mi.  requirements  of  thi*.  \  •nagruph 

(g)  Tumps  ami  ('otnpresv*r\,  AH  pump:-  and  comp  res* 
sms  h.itidhug  volatile  organic  compounds  dull  have 
mechanical  seals  or  other  equivalent  equipment  appioved 
by  tire  Commissioner. 

(Ii)  Waste  Gas  A.v/iow/  from  f  'fhrtarc  ho Jueintr  Hitti! . 

No  pn sou  shall  cause,  sutler,  or  allow  the  emission  of  a 
waste  gas  stream  from  Uuv  ethylene  producing  plant,  or 
source  utilizim;  clliylonc  as  a  raw  material.  imo  tltc 
atmospheie  in  excess  of  20  pounds  p^r  24  hour  period’ 
unless  the  waste  gas  stream  is  properly  burned  ai  1,300  '  : 
degrees  lahrcuheil  for  0.3  of  a  second  or  longer  in  a 
direct  llamc  after-bumci,  or  is  removed  by  a  method  ol 
comparable  efficiency  approved  by  the  Commissioner. 

.(0  Watte  Gas  Disposal  trout  I  r//*w  fil  ;u*  /X mu  S  uent. 

No  person  shall  emit  hydrucuibrm  gases  into  the  atmo¬ 
sphere  from  a  vapor  blow-down  .system.  unless  llwse  eases 
are  burned  by  smokeless  Hares,  or  an  equally  effective 
control  device  approved  by  the  Commissioner,  but  litis 
Mibr.ectiun  shall  not  apply  to  accidental  or  emergency 
emissions  of  livd'ocarlwns  needed  for  sale  opcialion  ot 
equipment  and  piocesscs 

.V  'etiou  X  7-  70S  II  TL-M  'RXIVG  PARTKVLA  Tl  F MIS¬ 
SION. 

No  person  shall  cause,  suffer,  or  allow  to  be  emitted 
into  the  outdoor  imospheie  front  any  fuel-burning  equip¬ 
ment  or  piemise  or  to  j  iss  from  a  stack  particulate 
matter  in  line  rn'.vw  which  exceeds  0.13  pounds  pv*r 
1.000.000  B7  l*.  heat  input  toi  insi, illations  usms  less 
than  3.500.000  B.T  I  per  hour  lula!  input  I  oi  installa¬ 
tions  using  moie  dun  3 .500. 000  B  T  U*.  per  lioin  total 
input,  the  paniculate  emission  limitation  sliali  decrease  a*, 
the  rale  oS  lie  u  input  iuciv  •*..  .  .  •.iccoidmp  to  tin-  scales  in 
figure  No.  I.  contained  her-noiiei  in  Appendix  No.  I 

See t ion  S  ?;  ?(><>  IXClXf  A  I  /V  W S 

(a)  Single  Chamf  er  nuO  i  *uvf  ed  Incinerators  The  use 
ol  single  chamber  and  flue-led  incinerators  is  prohibited. 
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applicable  air  pollution  standard*,  regulations,  and  laws. 
Monitoring  information  shall  be  supplied  as  the  Commis¬ 
sioner  may  require  in  accordance  with  subsection  (a)  ot 
this  section 

(d)  /' tf'hibitcd  Devices.  Nv  person  shall  install  or  use 
any  article,  machine,  equipment,  device,  or  other  con 
trivanee  which  conceals  an  emission  from  any  source. 

Section  S-2: 71 S.  SAMPLING.  TESTS,  AND  MTASURi 

ME  MS 

(a)  General.  The  Commissioner  may  conduct  or  cause 
to  he  conducted  or  require  an  owner  or  operator  to 
conduct,  tests  of  emission  of  aii  pollutants  tiom  au> 
source.  Upon  request  to  the  Commissioner,  the  person 
responsible  lor  the  source  to  be  tested  shall  provide 
necessary  holes  in  slacks  or  ducts  and  such  other  safe  an  I 
proper  sampling  ami  testing  facilities  as  may  be  nccessaiy 
for  proper  determination  of  the  emission  of  air  pollutants. 
The  Commissioner  may  take  or  cause  tu  be  taken  samples 
of  tuel  by  any  {tppropi into  means,  in  such  quantities  as  lie 
feels  are  necessary  for  purposes  of  determining  compli¬ 
ance  with  this  regulation. 

(b)  Paniculate  Mailer.  Slack  tests  for  particulate  mat¬ 
ter  shall  \k  undertaken  by  genet  ally  recognized  standards 
oi  methods  of  measurement.  Methods  found  in  the 
Amcilean  S  ciely  of  Mechanical  Engineers  Test  Code  for 
Must  Separating  Appaiatus,  PTC  21-1941,  the  AmcricaiW 
Society  of  Mechanical  Engineers  Test  Code  for  Determin¬ 
ing  Dust  Concentration  in  Gas  Streams,  PTC  27-1957,  and 
the  I  os  Angeles  County  California  Source  Testing  Manual 


shall  be  used,  hut  such  methods  may  he  modihed  or 
adjusted  by  the  Commissioner  to  suit  specific  sampling 
conditions  or  needs  based  upon  good  practice,  judgment, 
and  experience. 

(c)  Sulfur.  Hie  method  for  determining  the  sulfur 
content  of  fuel  oil  shall  be  that  described  in  the  American 
Society  for  lasting  and  Materials  publication,  D-129  64, 
“Standard  Method  of  Test  tor  Sulfur  in  Petroleum  Prod¬ 
ucts  and  Lubrications  by  the  Bomb  Method.*’  The  meth¬ 
od  for  determining  the  sulfur  content  of  coal  shall  be  that 
described  in  the  American  Society  for  Testing  and  Materi¬ 
als  publication,  D27I-L4,  “Laboratory'  Sampling  and 
A nal> si >  of  Coal  and  Coke.’*  Equivalent  methods  may  be 
approved  by  the  Commissioner. 

(d)  Visible  Emissions.  The  Ringelmann  Smoke  Chari 
published  and  described  in  the  United  States  Bureau  of 
Mines  Information  Circular  8333.  or  any  other  chart, 
record,  indicator  oi  device  approved  In  die  Commissioner 
for  the  measurement  of  plume  density  shall  be  used  in 
dctcimiiiiug  the  grade  ot  shade  or  op:icil>  of  visible  air 
contamination  emissions. 

(c)  Odor. 

(1)  Odor  measure  men  is  shall  he  made  with  a  scento- 
nieter,  such  as  that  manufactured  by  the  Rarneby -Cheney 
Company,  or  by  any  device  approved  by  the'  Commis¬ 
sioner  as  an  effective  instrument  in  the  detection  of  odor. 

(2)  The  odor  strength  ;n  detected  by  the  Barnebey- 
Clieney  Seen  tometer  is  that  niimhei  corresponding  to 
the  maximum  dilution  when  an  odoi  i  perceived  on  the 
following  basis* 


Number 

Odor-Bearinq  Air 

Odor-Freo  Air 

i 

1  part 

to 

l  part 

2 

1  port 

to 

2  parts 

3 

1  part 

to 

F>  parts 

4 

1  part 

to 

32  parts 

5 

1  part 

to 

128  parts 

(I)  A  vai lability*  of  Publications  The  publications  cited 
in  this  section  shall  be  kept  on  file  at  the  office  of  the 
Director  ot  the  Department  of  Environmental  Services 
and  shall  be  available  for  public  inspection. 

Section  *0:7/9.  EMERGENCIES. 

(  a)  Establishment  oj  Emergency  Episode  Plan 
(l)  The  Coniuiissioiici  shall  after  notice  of  not  less 
than  30  days  in  the  District  Register  and  public:  hearing  in 
accordance  wiih  section  4(a)(3)  oi  the  Act,  establish  such 
procedures  as  may  be  necessary  t<>  enable  him.  acting 
alone,  or  with  air  pollution  control  agencies  of  sur 
rounding  jurisdictions,  to  effectively  deal  with  an  an 
pollution  emergency.  The  plan  and  ah)  amendments 
ihcrei  <  shall  he  -ah  milted  to  the  District  of  i  i-lumhia 
(  oiincil  and  slutll  run  lake  effett  unless  appiovcd  by 
n.’solmitui  of  tiu  C'lMincil.  Ihe  plan  shall  Iv  denominated 
I  *  *  I  iiiergeuc\  I  prod'  PLm,**  shall  he  kept  on  file  h) 
the  Commivsioi'-ei  and  shad  he  available  toi  pulili  inspee- 


(2)  Declaration  of  nil  Episode  Stage.  Whenever  the 
Commissioner  finds  :m  emeigcoey  exists  requiting  im* 
mediate  action  to  protect  the  public  health  oi  w  •Ifatc, 
the  C  ommissioner  may,  withom  notice  or  hearing,  issue 
an  Older  reciting  the  basis  for  the  existence  id  such 
emergency,  the  episode  singe  at  which,  the  cmeigency 
exists,  and  requiring  that  such  net i  »n  he  taken  as  is 
necessary  to  meet  the  emrigency.  Until  subsection  (a)  (I) 
is  fulfilled  the  Commi>siouer  may  declare  an  cpi  <ub  stage 
based  solely  on  dclcrioiniing  air  quality,  wheu  such 
action  is  necessary  to  protect  ihe  public  lieihli  and 
welfare. 

(3)  Individual  Abatement  Plan.  ’Ihe  Commissioner  may 
require  the  owner  or  opeuior  of  i  source  of  aii  pollution 
to  prepare  a  written  plan  for  reducing  die  eiiiK.n m  of  an 
pollution  during  an  episode  sirigv  according  to  the  Guide¬ 
lines  set  forlh  in  the  Emergency  I  pisode  Tim 

A.  Such  plan  shall  idcutilv  the  sniiice  o!  air  pollutants, 
and  contain  a  hiief  dewiipiion  of  the  manner  in  which 
die  nducl.on  will  hi  :  clneu'd  dining  r.icli  vpivnt  •  lafe. 


r 


B-2 


DISTRICT  OF  COLUMBIA  REGULATIONS 


S-1SA 

341:0511 


- 

t{v/\i  BTO) 


o 

o 

I 


o 

p 

o 

CD 

o 

m 

o 

o 

o 

cd 

- 

K> 

o 

t . 

CD 

vx* 

B-3 


i.t 


|V/  M.y  I  ||-  !  ’.'I 


un 


I  t  ImI.iidiI  At  f .  t  r  r  N  hie 


WPchdiA  hd.  i  Figure  ho.  i 


APPENDIX  C 

PARTICULATE  SAMPLING  DATA 


47 


PARTICULATE  SAMPLING  DATA  SHEET 
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548 
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A DP roved  Cct  73/DAPM/jb/OPR:  AF/EFL 


PARTICULATE,  MOISTURE,  FUEL  &  GAS  DATA 

Project;  AAF-511 _ Boiler  #:_jj _ 

Location:  Bolling  AFB  DC _ Date: _ 6  May  1975 _ 

Test:  #1 _ 

A.  Particulate: _ __Total  Gain  74.58 _ mg 

1.  Filter  #79 _ Initial  Wt  .6784  Final  Wt  .72669  Gain  48.29 

2.  Acetone  Rinse,  Front  Half 

Initial  Wt  10.28629  Final  WtlO. 31258  Gain  26.29  mg 

3.  Acetone  Rinse,  Back  Half 

Initial  Wt _ Final  Wt _ Gain _ 

B.  Moisture  _ Total  Gain _ 87.7  g 

1.  Impinger  1  -  Initial  Wt  643.4  Final  Wt747.9  Gain  104.5 

2.  Impinger  2  -  Initial  Wt  598 . 1  Final  Wt  539.5  Gain  (38.6) 

3.  Impinger  3  -  Initial  Wt  476.9  Final  wt 479.9  Gain  ^-0 

4.  Impinger  4  -  Initial  Wt  710.6  Fjnai  wt 728.8  Gain _ ^ ' £ 


•Sr— 

C. 

Impinger-1 

co2 

5.0 

5  -  Initial  -Wt - 

°2 

12.8 

- Final- Wt - 

CO 

0.0 

- Gain - 

Time 

1153 

4.6 

12.4 

0.0 

1220 

4.8 

12.6 

0.0 

1245 

4.8 

12.8 

0.0 

1300 

5.0 

13.8 

0.0 

1335 

4.6 

14.2 

0.0 

1345 

4.2 

14.0 

0.0 

1410 

Avg: 

4.7 

13.23 

0.0 

D.  Fuel  Consumption: . 

Engineer  Capt  M.  L.  Sweigart 

.  .  *  1046  lbs /hr 

#4  Fuel  Oil  Type 

Technician  Sgt  Conway 


Table  C-l  (Cont) 


PARTICULATE  SAMPLING  DATA  SHEET 
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PARTICULATE,  MOISTURE,  FUEL  &  GAS  DATA 


Project: _ AAF-511 _ Boiler  /,- :  5 _ 

Location:  Bolling  AFB  DC _ Date:  6  May  1975 


Test:  #  2 

Pa 

rticulate: 

Total  Gain 

70.01 _ mg 

1. 

Filter  ^78  Initial  Wt  *7016g  Final  Wt  *73375  Gain  32.15 

2. 

Acetone  Rinse,  Front  Half 

Initial  Wt  9.90979 

Final  Wt  9.94765 

Gain  37-86 

3. 

Acetone  Rinse,  Back  Half 

Initial  Wt 

Final  Wt 

Gain 

Moisture 

Total  Gain 

73.5  R 

1. 

Impinger 

1  -  Initial  Wt  584 . 5 

Final  Wt  U8l.5 

Gain  (103.0) 

2. 

Imping  er 

2  -  Initial  Wt  602.1 

Final  Wt  757.8 

Gain  155  •  7 

3. 

Impinger 

3  -  Initial  Wt  1+72  • 6 

Final  Wt  1+76 -9 

Gain  U'3 

4. 

Impinger 

4  -  Initial  Wt  653-9 

Final  Wt  670.4 

Gain  16-5 

5, 

-Tjwvrvl  nr(QT< 

5  —  T  m  1 1  -“Trl  W  t 

Ft  npi  1  Wt 

O 

o 

to 

°2 

CO 

Time 

3.2 

15.6 

0.0 

1600 

3.2 

15.4 

0.0 

1605 

4.8 

14.2 

0.0 

1630 

4.2 

14.6 

0.0 

1645 

4.2 

15.0 

0.0 

1715 

Avg: _ 3-92 _ 14.96 _ _ (AO _ 

D.  .Fuel  Consumption: . * _ 1Q23 _ Ibs/hr 


Engineer  Capt  M.  L.  Sweigart 
Technician  3gt  W.  Conway 


ik-oii _ Type 
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PARTICULATE  SAMPLING  DATA  SHEET 
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Aoproved  Oct  73/DAPM/jb/OPR:  AF/EFL 


PARTICULATE,  MOISTURE,  FUEL  &  GAS  DATA 


Project:  AAF-511 _ Boiler  /,: _ 5 _ 

Location:  Bolling  AFB _ Date:  7  May  1975 _ 

Test:  #3 _ 

A.  Particulate: _ Total  Gain  112.79 _ mg 

1.  Filter _ gj _ Initial  Wt  .69309  _ Final  Wt  .72566  Gain  72. 68 

2.  Acetone  Rinse,  Front  Half 

Initial  Wt  10. 27211  Final  Wt  10. 31222  Gain  40.11  mq 

3.  Acetone  Rinse,  Back  Half 

Initial  Wt _ Final  Wt _ Gain _ 

B.  Moisture  _ Total  Gain _ 57.8  R 


1. 

Imping  er  1  - 

Initial  Wt625.5 

Final  Wt  662.8 

Gain  37.3 

2. 

Impinger  2  - 

Initial  Wt559.5 

Final  Wt  563.8 

Gain  4.3 

3. 

Impinger  3  - 

Initial  Wt467.3 

Final  Wt  470.5 

Gain  3-2 

4. 

Impinger  4  - 

Initial  Wt689 . 5 

Final  Wt  702.2 

Gain  13.0 

5. 

Impinger  5  - 

Initial  Wt 

Final  Wt 

Gain 

c. 

co2 

°2 

CO 

Time 

4.8 

14.2 

0700 

4.2 

15.2 

0725 

4.6 

13.4 

0745 

5.0 

13.8 

0750 

5.2 

13.8 

0815 

5.0 

13.4 

0830 

4.4 

13.8 

0845 

Avg: 

4.75 

13.94 

0.0 

D. 

Fuel  Consumption: . 

• 

1056  lbs  /h 

#4  oil _ Type 

Engineer  Capt  M.  L.  Sweigart _ 

Technician  Sgt  Conway _ 


TABLE  C-3  (Cont) 


PARTICULATE  SAMPLING  DATA  SHEET 
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TABLE  C-4 

Sample 

Box 

T  emp  . 

0 

in 

o 

CO 

305 

305 

305 

305 

305 

305 

m 

o 

CO 

305 

U*1 

o 

CO 

305 

305 

Gas  Meter  Temp 

Outlet 

524 

526 

528 

530 

530 

530 

530 

CO 

LO 

CN 

CO 

in 

CN 

CO 

in 

536 

540 

Inlet 

CN 

in 

530 

534 

537 

537 

537 

534 

538 

00 

CO 

in 

00 

CO 

in 

540 

542 

Gas 

Sample 

Volume 

1933.52 

1939.05 

1944.75 

1950.75 

1954.50 

1958.80 

1962.70 

1968.00 

o 

tD 

r- 

cn 

o 

CN 

CN 

00 

cn 

•-I 

1985.45 

1990.00 

1994.15 

Orifice 
Diff . 

Pressure 

0.77 

o 

CO 

o 

1.20 

0.20 

o 

o 

o 

o 

o 

r- 

O 

1.10 

CN 

<D 

rH 

o 

CN 

O 

0.50 

0.41 

Velocity 

Head 

00 

o 

o 

00 

o 

♦ 

o 

0.12 

0.02 

o 

o 

o 

o 

r- 

O 

o 

0.11 

<£> 

rH 

o 

CN 

O 

d 

tn 

o 

o 

o 

o 

Stack 

Tempera¬ 

ture 

o 

o 

ID 

00 

840 

840 

840 

840 

840 

00 

840 

840 

840 _ 

840 

840 

Static 

Pressure 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Sampling 

Time 

1135 

1145 

1155 

1205 

1215 

1225 

1238 

1248 

125S 

12135 

1318 

1328 

1338 

Traverse 

Point 

Number 

Port  B  -  1 

CN 

CO 

m 

ID 

00 

cn 

O 

pH 

IT 

12 
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PARTICULATE,  MOISTURE,  FUEL  &  GAS  DATA 


Project:  AAF-511 _ Boiler  $:  5  _ 

Location:  Bolling  _ Date:  7  May  1975 _ 

Test: _ 44 _ 

A.  Particulate: _ Total  Gain _ 83 . 98 _ mg 

1.  Filter  #2 _ Initial  Wt  ,69136q  Final  Wt  .74051  Gain  49.15 

2.  Acetone  Rinse,  Front  Half 

Initial  Wt  10.41029  Final  Wt  10.44512  Gain  34.83  mg 

3.  Acetone  Rinse,  Back  Half 

Initial  Wt  Final  Wt  Gain 


Moisture 

Total  Gain 

70.0  g 

1. 

Impinge  r 

1 

-  Initial  Wt645.5 

Final  Wt  679.8 

Gain  34.3 

2. 

Impinger 

2 

-  Initial  Wt616.8 

Final  Wt  627.-6 

Gain  n.0 

3. 

Impinger 

3 

-  Initial  Wt434.3 

Final  Wt  437.9 

Gain  3.6 

4. 

Impinger 

4 

-  Initial  Wt652.8 

Final  Wt  673.9 

Gain  21.1 

5. 

Impinger 

5 

-  Initial  Wt 

Final  Wt 

Gain 

co2 

°2 

CO 

Time 

3.4 

14.8 

1135 

4.0 

14.6 

1155 

4.0 

14.8 

1215 

4.0 

15.2 

1250 

3.8 

14.6 

1310 

3.6 

14.8 

1320 

Avg:  3.8  14.8 


D.  Fuel  Consumption: . 

Engineer _ Capt  M.  Sweigart 


957 


#4  Oil 


lbs  /  hr 
Type 


T c clinician  Sgt  W.  Conway 


TABLE  04  (Cont) 


PARTICULATE  SAMPLING  DATA  SHEET 


0 
o 

VO 
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in 
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S 
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o 

no 
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<D 


,0 
<tJ  o 
0)  ^ 
aj  cu 


I 

o 

•H' 
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S 

VO 


rt 


DO 
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J3« 

<u 
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.O 
o 

cu 


<D  KD 
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00 


N 

N 

O 

2: 
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o 
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o 

•  H 
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(0 
C/) 

(O 
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o 
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Ai 

u 

nJ 

in 
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O 

U 

•H 

rd 

E 

<u 

x: 

u 

CO 


m 


in 


o 


O 
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rH 

c 

CQ 
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•H 

Cm 

U 

■P 
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rd 

< 

(0 

tn 

K 

C 

00 

■H 

• 

rH 

CQ 

rH 

• 

O 

U 

CQ 
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3  nj 

(U  Q 


<D 
(O 
nJ 

O,  CQ 


£ 

nJ 


O 

x 

c 

CQ 

a; 


o 
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x 

o 

CQ 
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B  £ 

CO  ^ 


2 

a 


£  o 

a  u 


A? 
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Temp . 

o 

o 

lO 

70 

in 

r* 

83 

CO 

00 

00 

78 

00 

00 

00 

78 

00 
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TABLE  C-5 

Sample 

Box 

Temp . 

\ 0 
in 
0> 
CM 

in 

o> 

CM 

l n 

<T 

r\ 

295 

295 

295 

295 

295 

295 

295 

295 

295 

cx 

S 

<D 

H 

CD 

+-> 

O' 

Outlet 

520 

O 

CM 

in 

522 

524 

526 

530 

530 

532 

532 

534 

532 

532 

s 

cn 

rt 

a 

Inlet 

520 

533 

O 

d 

in 

542 

00 

d1 

in 

540 

542 

547 

00 

d1 

in 

548 

548 

548 

Gas 

Sample 

Volume 

1994.40 

o 

cn 

m 

o 

o 

CM 

o 

cn 

m 

rH 

O 

CN 

2022.95 

2026.30 

2033.00 

2040.65 

2050.00 

2060.00 

2070.00 

2072.20 

2077.30 

2082.85 

Orifice 
Diff . 

Pressure 

o 

CO 

CM 

1  2.60 

2.10 

0.26 

1.20 

1.70 

2.21 

2.62 

2.62 

00 

o 

o 

o 

r- 

o 

o 

r- 

o 

Velocity 

Head 

0.26 

0.30 

Q.  24 

on 

o 

o 

0.14 

0.20 

0.25 

0.30 

0.30 

0.01 

00 

o 

o 

00 

o 

o 

Stack 

Tempera¬ 

ture 

940 

960 

c 

VC 

<jy 

096 

980 

980 

09  5 

980 

980 

980 

980 

980 

Static 

Pressure 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Sampling 

Time 

0623 

0633 

cn 

d 

vC 

C 

0653 

0703 

CO 

rH 

r- 

o 

0725 

0735 

0745 

0755 

0805 

0815 

in 

CM 

00 

o 

Traverse 

Point 

Number 

Port  B  -  1 

CM 

cc 

d1 

in 

ID 

Port  A  -  7 

00 

01 

u 

12 
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PARTICULATE,  MOLSTURE,  FUEL  JL  GAS  DATA 


Project:  aaf-511 

Boiler  #: 

5   . 

Location:  Bollinq  AFB 

Date: 

8  Mav  1975 

Test: 

#5 

A.  Particulate: 

Total  Gain  121.05  mg 

I.  Filter  #3 

Initial 

wt  .71524 

Final  Wt  J80196  Gain  86.72mg 

2.  Acetone  Rinse,  Front  Half 


Initial  Wt  10.  29476  Final  Wt  10.32909  Gain  34.33 


3.  Acetone  Rinse,  Back  Half 

Initial  Wt  Final  Wt  _ Gain 


B.  Moisture _ Total  Gain  128.55 _ g 


1.  Imping  er 

1  -  Initial  Wt  662.8 

Final  Wt  733.5 

Gain  70.7 

2.  Impinger 

2  -  Initial  Wt  563.8 

Final  Wt  593.3 

Gain  29.5 

3*  Impinger 

3  -  Initial  Wt  470.5 

Final  Wt  476.1 

Gain  5.6 

4.  Impinger 

4  -  Initial  Wt  702.2 

Final  Wt  724.95 

Gain  22.75 

5.  Impinger 

5  -  Initial  Wt 

Final  Wt 

Gain 

c.  co2 

°2 

CO 

Time 

5.2 

11.4 

0.0 

0623 

7.0 

11.0 

0.0 

0642 

7.0 

11.0 

0.0 

0700 

7.0 

11.0 

0.0 

0715 

6.8 

• 

11.2 

0.0 

0730 

6.8 

11.4 

0.0 

0800 

6.0 

11.0 

0.0 

0815 

AvS:  6.77 

11.14 

0.0 

D.  Fuel  Consumption: . 

2096 

lbs /hr 

#4  Oil 

Type 

Engineer  Capt  M. 

Sweiqart 

Technician  Sgt  W. 

Conway 

TABLE  05  (Cont) 


PARTICULATE  SAMPLING  DATA  SHEET 
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80 

80 

80 

80 

80 

80 
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85 

Sample 

Box 

Temp . 

o 

LO 

r- 

CN 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

Gas  Meter  Temp 

Outlet 

532 

535 

538 

542 

542 

543 

542 

542 

546 

546 

546 

00 

ID 

Inlet 

534 

547 

552 

557 

550 

550 

552 

552 

560 

560 

560 

554 

«  Gas 
Sample 

Volume 

o 

o 

ro 

00 

o 

CN 

2091.50 

2101.30 

12111.80 

2113.90 

2119.60 

2124.95 

2133.80 

2144.00 

2154.70 

2156.90 

2163.10 

2170.85 

Orifice 
Diff.  *. 

Pressure 

0\ 

<T> 

CM 

2.63 

2.82 

0.09 

0.71 

0.71 

2.22 

2.65 

2.68 

0.09 

0.97 

1.69 

Velocity 

Head 

0*23 

0.30 

0.32 

10*0 

00 

o 

o 

00 

o 

o 

0.25 

o 

ro 

O 

0.30 

0.01 

0.11 

0.19 
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Tempera¬ 

ture 
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o 

O 

JO 

<J\ 
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086 

980 

Static 

Pressure 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

Sampling 

Time 

ro 

O 

0> 

o 

0213 

0923 

0933 

0943 

0953 

1005 

i_ 1015 

1025 

1035 

1045 

1055 

1105 

Traverse 
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N  Number 

Port  A-  1 _ 

CN 

ro 

ID 
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Port  B-  7 

00 

O 

01 

II 
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PARTICULATE,  MOISTURE,  FUEL,  &  GAS  DATA 


Project:  aaf-511 _ Roller  //: _ 5 _ 

Location:  Bolling  AFB _ Date:  8  May  1975 

Test:  #6 


A.  Particulate: _ Total  Gain  117.52 _ mg 

1.  Filter  #4 _ Initial  IV <  .69966g  Final  Wt  .77997  Gaia  80.31 

2.  Acetone  Rinse,  Front  Half 

Initial  Wt9. 92188  Final  Wt  9.95909  Gain  37.21mg 

3.  Acetone  Rinse,  Back  Half 

Initial  Wt  Final  Wt  _ Gain _ 


Moi 

sture 

Total  Gain 

_ 1LL2 _ g 

1. 

Impinge  r 

1  - 

Initial 

Wt  679.8 

7 

Final 

Wt 

745.0 

Gain 

65.2 

2. 

Imping  er 

2  - 

Initial 

Wt  627  -8 

Final 

Wt 

653.8 

Gain 

26.0 

3. 

Imping  er 

3  - 

Initial 

wt  437.9 

Final 

Wt 

442.7 

Gain 

4.8 

4. 

Imping  er 

4  - 

Initial 

Wt  673.9 

Final 

Wt 

695.1 

Gain 

21.2 

5. 

Imping  er 

5  - 

Initial 

Wt 

Final 

wt 

Gain 

G.  COz 

7.6 

7.6 

6.8 

5.8 


°2 

CO 

Time 

11.4 

0.0 

1030 

11.4 

0.0 

1035 

13.0 

0.0 

1045 

13.0 

0.0 

1100 

A  Vg:  6.75 _ 12.0 _ _ 0,0 _ 

D.  Fuel  Consumption: . *  2069 _ lbs  /hr 

_  #4  Oil _ Type 

Engineer  Capt  M.  Sweigart  _  _ _ 

Technician  Sgt  W.  Conway 


TABLE  C-6  (Cont) 


AIR  POLLUTION  SOURCE  SAMPLING 


Data  Sheet  1  -  Preliminary  Data 

Base  Bolling  AFB  _  Bldg  No.  18 _ Boiler  No.  5 

Dats(s)  5-9  May  1975 _  Sampling  Team  USAFEHL-McClellan  AFB 

Boiler  Type  5  Make  Titusville  1941 _ 

Rated  Capacity  Calculated  rated  capacity  =  44  MBTU/hr 
Type  Puel  #4  fuel  oil;  143,000  BTU/gal _ 


Stack  Geometry 

Circular  Stack:  Wall  thickness  _  Inside  diameter  49V _ 

Distance  from  outside  of  sampling  port  to  inside  diameter  5"  _ 

Stack  area  13. 36ft$umber  Traverses  2 _  No  Points/Traverse  _ (> 

Location  of  sampling  points  along  traverse: 


Point 

%  of  Diam 

Distance 
Outer  end 

fron 

i  of  Nipple 

6 

4.4 

2.17+5 

= 

7.17 

5 

14.7 

7.28+5 

= 

12.28 

4 

29.5 

14.60+5 

= 

19.60 

3 

70.5 

34.90+5 

= 

29.90 

2 

85.3 

42.20+5 

= 

47.20 

i 

95.6 

47.32+5 

= 

52.32 

Rectangular  duct:  Sketch  and  show  dimensions: 


SKETCH 
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115  Hahn  Street  ®  Elmhurst,  Illinois  60126  •  (312)  832-5656 


June  19 ,  IS , 


Washington  Area  Procurement  Center 
Department  of  the  Air  Force 
Andrews  Air  Force  Base 
Washington,  D.  C.  20331 

Attention:  T.Sgt.  Edgar  San,  LGPPAB 

SUBJECT:  Boiler  Emission  Tests 

Bolling  Air  Force  Base,  Building  IB 

PDL  Project  G-7003 ,  Report  #G7003-1F 
Contract  #F49624-F4-90180 

Gentlemen : 

Introduction 


Stack  emission  tests  were  performed  on  the  Bo-lling  Air  Force 
Base  heating  plant  boilers  during  the  period  o^  June  11  and  June  12, 
1974  to  determine  the  effluent  quality.  Tests  were  performed  to 
decermine  stack  gas: 

1.  Temperature,  velocity  and  volume  flow 

2.  Moisture 

3.  Particulate  concentration  and  emission  rate 

4.  CC>2  and  02  content  bv  Orsat 

5.  Nitrogen  oxide  emissions  rates 

6.  Sulfur  oxides  emission  rates 

7.  Unburnt  hydrocarbon  emissions  as  ^ethane 

8.  Carbon  monoxide  emission  rates 

9.  Aldehyde  emission  rates 

The  purpose  of  the  tests  was  to  determine  emission  characteristi 
to  enable  Bolling  Air  Force  Po.se  personnel  to  assess  compliance  with 
District  of  Columbia  Air  Pollution  codes. 

Stack  emission  tests  were  performed  by  Meryl  R.  Jackson  and  Larr 
Goldfine  of  Particle  Data  Laboratories ,  Ltd.  Operation  of  the  boiler 
was  performed  by  Bolling  A? 3  personnel.  Heating  rate  data  was  provid 
by  Boiling  AFB-  personnel. 

Stack  emission  testinc  followed  all  the  recognized  criteria 
(Reference  1).  The  report  contains  an  outline  summary  of  the  test 
procedure  and  test  f inclines .  Measured  emission  rate  is  compared  to 
District  of  Columbia  Air  Pollution  Code  levels. 

D-l 
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PARTICLE  DATA  LABORATORIES,  LTD. 


Attached  as  Appendices  are  complete  details  of  all  test  and 
analytical  procedures,  calibration  data,  field  test  data  sheets, 
and  calculation  summaries. 

Description  of  Boilers 


Boilers-  #5  and  #6  are  oil  fired  units  burning  #6  fuel.  Both 
boilers  have  induced  draft  fans. 

Summary  of  Test  Procedures 

Each  of  the  2  tapered  stacks  was  tested  at  roof  level  at 
approximately  1%  diameters  down  from  the  top  of  the  stack.  Tv/o  ports 
one  on  each  of  two  mutuallv  perpendicular  diameters,  were  used  for 
testing. 

Each  boiler  was  subjected  to  three  test  repetitions  durinq  which 
time  rhe  boiler  was  maintained  under  normal  operatinc?  conditions.  It 
was  decided  by  Bolling  AFB  personnel  to  operate  the  boilers  at  the 
demand  load,  and  not  to  raise  the  load  artificially  by  ventinq  steam. 
Each  test  repetition  consisted  of: 

A. '  One  integrated  particulate  sample 

B.  Two  20  minute  SOx  samples 

C.  Four  grab  NOx  samples 

D.  Two  integrated  gas  samples  analyzed  for  CO2  and  O2  by  Orsat 
and  CO  and  hydrocarbons  by  gas  chromatography. 

Stack  particulate  tests  were  performed  by  sampling  at  a  number  o 
points  on  each  of  the  two  diameters.  Samolincr  was  performed  at  each, 
point  for  5  minutes.  The  selection  of  samnlinq  points  was  made  in 
accordance  with  the  criteria  of  Deference  1,  as  reproduced  in,. 
Appendix  A. 

Stack  gas  velocitv  and  temperature  were  determined  using  S  type 
pitot  tubes  and  themocouplo.  Volume  flow  rates  were  determined  bv 
geometry.  The  volume  flow  rate  was  determined  in  accordance  with  the 
criteria  of  Reference  1,  as  reproduced  in  Appendix  B. 

Particulate  testing  was  conducted  using  Western  Precipitation, 
Joy  Division,  EPA  Sampling  Trains  which  conform  to  U.S.  PIIS  roauirem.s 
Testing,  sample  analysis  and  data  reduction  followed  criteria  of 
Reference  1  as  reproduced  in  Appendix  C.  Particulate  catch  included 
nozzle,  probe  and  prefilter  glassware  washings  and  filter  particulats 
Stack  gas  integrated  samples  were  taken  for  'CO2  and  O2  Orsat  analysis 


P,Y»nCU  DATA  inmxroms,  HD. 


Prior  to  shipping  the  equipment,  the  following  items  were 
checked  for  calibration: 

A.  The  "s"  pitot  tube  mounted  on  the  probe,  but  without  the 
nozzle . 

B.  The  dry  test. meters  for  both  the  particulate  and  S0X  sampllr. 
trains. 

C.  The  calibrated  orifice  of  the  particulate  train. 

Calibration  data  are  shown  in  Appendix  D. 

Integrated  stack  gas  samples  for  determination  of  SO2  and  SO3  vrej 
taken  using  midget  .impirgers  containing  80%  isopropyl  alcohol  and  3% 
hydrogen  peroxide  as  outlined  in  Reference  1  and  reproduced  in 
Appendix  E. 

Grab  stack  gas  samples  were  taken  using  2  liter . evacuated  flasks 
for  determination  of  nitrogen  oxides  as  outlined  in  Reference  1  and 
reproduced  in  Appendix  F. 

Integrated  gas  samples  were  collected  for  analysis  of  carbon 
monoxide  and  hydrocarbons  as  outlined  in  Reference  2  and  reproduced  i 
Appendix  G.  Detection  of  aldehydes  was  performed  by  gas  chroir.atograp 
using  a  Chromasorb  102  column  for  separation  of  the  aldehydes. 

Particulate  field  test  data  sheets  including  condensate  and 
particulate  data  and  the  calculation  summaries  are  included  in 
Appendix  H.  A  single  averaged  gas  meter  temperature  is  provided  by 
the  Western  Precipitation  equipment  used.  This  was  recorded  on  the 
data  sheets.  Orsat  data  are  included  on  these  sheets. 

The  SO2  and  S03  analysis  and  emission  aata  are  included  in 
Appendix  I. 

The  KOx  analysis  and  emission  data  are  included  in  Appendix  J. 

Carbon  monoxide  emission  data  are  included  in  Appendix  K. 

Test  data  for  total  hydrocarbons,  expressed  as  methane,  are 
included  in  Appendix  L. 

Nomenclature  is  given  in  Appendix  M. 

Heat  Input  Data 


Oil  flow  meter  readings  were  recorded  hourly  by  Bolling  AFB 
personnel .  A  BTU  specification  of  147,300  BTU/gal .  was  used  to 
compute  heat  input  rates. 
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Discussion  of  Test  Findings 

- , - — - - - -  * 

The  results  of  this  test  series  are  surcmar ized  in  Table  1. 
Emission  rates  are  expressed  in  lb/MBTU  for  particulates,  lb/hr. 
for  sulfur  dioxide,  lb/MBTU  for  nitrogen  oxides  and  aldehydes, 
and  parts  per  million  for  carbon  monoxide  and  hydrocarbons. 

These  emission  rates  are  compared  with  District  of  Columbia 
Codes  in  Table  2  and  show  non-compliance  with  codes  with  respect 
to  particulates  (Rule  8-2:708).  Sulfur  oxide  emissions  are  not 
subject  to  emission  control  regulations  (Rule  8-2:704);  however, 
the  fuel  must  contain  less  than  1%  by  weight  sulfur.  Nitrogen 
oxide  emissions  are  subject  to  control  regulations  only  for  boilers 
of  input  retting  in  excess  of  100  MBTU/hr.  (Rule  8-2:706)  .  The 
boilers  tested  have  capacities  cf  less  than  this  value  and  are 
therefore  not  subject  to  code  regulations. 

Unburnt  hydrocarbons  emissions  measured  as  methane  were 
detected  at  concentrations  of  4  p.p.m. ,  corresponding  to  approxi¬ 
mately  0.15  lb/hr.  emission  rate.  District  of  Columbia  does  not 
have  codes  limiting  the  emission  of  hydrocarbons  from  fuel  burning 
equipment.  Aldehyde  concentrations  were  below  the  1  p.p.m.  limit 
of  detection,  which  corresponds  to  approximately  0.12  lb/hr.  emission 
rate . 


Carbon  monoxide  emissions  were  measured  as  less  than  5  p.p.m.  on 
all  samples  collected.  The  District  of  Columbia  does  not  publish 
codes  relating  to  carbon  monoxide  emissions  from  boilers. 

Discussion  of  Boiler  Operation  and  Control 


The  data  show  that  the  boilers  tested  are  in  violation  of 
D i s t rict  of  CSIumbl  a  ypflag-.Tgfctrh  ’rtrrrrraTrg'*' to""pairCi  Clilaytr  emisstrfti s 
"only .  It  is  our  experience  that  oil  FTrSdHrcrLdrtnr?: "  'ytin i ly r“to  those 
Tested  should  not  be  in  violation  of  codes,  it  functioning  cdrrectly. 
The  following  factors  support  our  conclusion  that  the  boilers  were 
not  functioning  in  an  optimum  manner  during  the  test  periods. 

1.  Visible -emissions  were  detected  from  Boiler  £5. 

2.  Carbon  dioxide  levels  are  near  3%  in  the  stack.  This 
indicates  a  high  excess  air  ratio  due  to  large  volume  of 
air  leakage  either  into  the  combustion  chamber  or  into  the 
breaching  and  stack  system.  Since  the  stack- gas  temperature 
are  near  400°F.,  it  is  easily  calculated  that  the  boilers  ar 
operating  at  greatly  reduced  thermal  efficiencies.  If  the  ■? 

^ leakage  .is  into  the  combustion  chamber ,  it  would  be  expected 
_thaJt_.C.Qr:ibu  s  t  .i  on  efficiency  would  be  poor ,  thus  producing 
.e.rJ  ssions  high  in  particulates.  This  is  likely  to  Se  th  __ 
__case  since  the  breeching  appeared  to  be  mechanically  sound. 
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3.  Soot  balls  were  ejected  bv  Boiler  #6  during  start-up 
indicating  a  build  up  of  particulate  deposits  on  the 
tubes  and  elsewhere  in  the  system. 

4.  The  collected  particulate  were  carbonoceous  as  evidenced 
by  their  matt  black  appearance.  If  combustion  had  been 
efficient  and  the  particulate  affluent  caused  by  a  high 
ash  fuel,  the  collected  particulate  would  have  been  lighter 
in  appearance. 

On  the  basis  of  these  factors,  we  believe  the  emissions  from  the 
boilers  may  be  brought  into  compliance  by  improving  burner  efficiency 
and  not  by  add in g  part ic ula t  e  _e mission  con trol  equipment.  Factors  to 
consider  in  op'timizi ng~the  “Burners  will  be': 

1.  Excess  air  in  combustion  chamber  due  to  induced  fan  operatio 


2.  Inability  of  oil  burners  to  modulate  below  about  20%  fuel 
, input  rate. 

3.  The  burner  efficiency  of  the  two  boilers  is  different  as 
indicated  by  the  test  results.  ”  Since  both  burners  ~~are~ 

nominally  identical,  this  difference  may_be  important  in 
•:}  indicating  some  of  the  sources  of  poor  operation  of  the 

burners . 

Recommendations 


It  is  recommended  the  following  actions  be  taken  to  achieve 
compliance  with  District  of  Columbia  air  pollution  codes. 

1.  Optimize  burner  efficiency. 

2.  Perform  preliminary  tests  to  show  the  degree  of  improvement 

in  efficiency  and  to  aid  optimization.  This  will  improve 
thermal  efficiency  of  the  boilers.  * 

3.  Evaluate  the  need  for  the  ID  fans. 

4.  Clean  the  boilers  prior  to  the  official  compliance  test. 

5.  P.e-perform  a  full  compliance  test  for  particulate  emissions. 

Particle  Data  Laboratories  has  the  capabilities  to  perform  these 
functions  and  would  be  k^en  to  assist  in  this  necessary  further  work. 
In  addition,  it  is  recommended  a  thermal  efficiency  test  be  performed 
on  each  boiler  to  indicate  the  further  improvement  which  may  be  made 
in  this  area. 
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Conclusions 


Emission  tests  have  been  performed  on  Boilers  #5  and  #6  at 
Bolling  AFB  to  assess  emission  quality.  Particulate  emissions 
fail  to  comply  with  District  of  Columbia  air  pollution  regulations. 
Recommendations  have  been  made  for  action  to  correct  this  deficiency. 

Observations  indicate  the  boilers  are  probably  operating  at  very 
low  thermal  efficiency  which  could  be  upgraded  by  process  optimizatio: 

Particle  Data  Laboratories  is  pleased  to  have  been  of  service  to 
Bolling  Air  Force  Base  and  look  forward  to  further  opportunities  to  b* 
of  service. 


Respectfully  submitted 


PARTICLE  DATA  LABORATORIES,  L‘ 


Meryl  R.  Jackson 
President 
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TABLE  1 


Summary  of  Emission  Data 


Boiler  # 

5 

6 

Particulates 

.  157 

.161 

Emission  Rate 

.177 

.150 

lb/MBTU 

.191 

.136 

Average 

.175 

.149 

Sulfur  Dioxide 

14 . 078 

23.815 

lb/hr 

15.846 

11.777 

17 . 250 

20.397 

18.322 

21.347  . 

25.935 

16.382 

23.292 

12.327 

Averaqe 

19.121 

19.008  * 

Nitrogen 

.  250 

.194 

Oxide 

.191 

.198  ’ 

lb/hr 

.  057 

.203 

.187 

.  189 

.  260 

.198 

.188 

.144 

.  185 

.086 

.116 

.  175 

.209 

.139 

.262 

.187 

.  090 

.198 

.218 

.141 

Average 

0.184 

0.171 

Hydrocarbons 

4 

5 

as  methane  p.p.m. 

5 

•  5 

5 

4 

4 

- 

* 

4 

4 

4 

4 

Average 

•  4 

4 

Aldehydes  p.p.m. 

<1 

<1 

Carbon  Monoxide  p.p.m. 

<5 

<5 
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TABLE  2 

Comparison  of  Emission  Rates  with  Code  Levels 


Part ic u 1 ates 
BoilerTi) 


Boiler  56 


Sulfur  Dioxide 
BoiTer  iF5 

Boiler  £6 


Nitrogen  Oxide 
Boiler  53 


Boiler  #6 


Emission  Rate 


J 

.157  lb/MBTU 

.  177 

.191 

.161 

.150 

.136 


19.121  lb/hr 
19.008  lb/hr 


0.184  lb/MBT[J 
0.171  lb/MBTU 


Averaged  Heat 
Input  Rate 


16.940  MBTU/hr 

16.301 

15.123 

16.350 
17.038 
16 . 940 


Allowable 
Emission  Rat 


.090  lb/MBTL 

.091 

.092 

.090 

.090 

.090 


No  codes  on  emission,  however 
code  8-2:704  prohibits  use  oi 
oil  having  sulfur  contents  ir 
excess  of  1%  by  weight. 

No  codes  on  emissions  for  boi 
of  input  capacity  less  than 
100  MBTU/hr  (8-2:706). 


Unburnt  H ydrocarbons 


Boiler 

vr5 

4 

p.p.m. 

Boiler 

#6 

4 

p.p.m. 

Aldehydes 

Boiler  55 

<1 

p.p.m. 

Boiler 

5  6 

<1 

p.p.m. 

Carbon 

Boiler 

Monoxide 

F5~ 

<5 

p.p.m. 

Boiler 

56 

<5 

p.p.m. 

No  code  on  emissions  from  boi 


No  codes  on  emissions  of 
aldehydes  from  boile.jrs. 


No  codes  on  emissions  of  car; 
monoxi.de  from  boilers. 


D-8 


PASmU  DATA  I.A30m0.V!S,  I  TO. 


Reference  1.  Federal  Register  36./  3247,  Part  II ,  December  23,  1971. 

Reference  2.  Measurement  of  Carbon  Monoxide  ATP-2,  Illinois  EPA 
(Nov.  1972)  . 
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